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23.  (U)  1.  To  relate  factors  responsible  for  metabolic  injury  and  tissue  damage  producei 
by  trauma  and  disease  to  morbidity  and  mortality.  2;  To  evaluate  therapeutic  agents  in 
the  treatment  and  prevention  of  disease  and  injury  in  relation  to  altered  biochemical 
and  physiological  parameters.  3.  To  investigate  metabolic  problems  associated  with 
oxygen  and  electron  transport, 

24.  (IT)  I.  Establish  and  study  animal  models  for  use  in  experiments.  2.  Study 
biochemical histological ,  and  physiologic  systems  for  altered  metabolic  processes  and/ 
or  tissue  damage  to  include  surgical  removal  or  isolation  of  tissue  for  study  purposes. 
3.  Evaluate  pharmacological  doses  of  various  compounds  in  treatment.  4.  Determine 
levels  of  various  compounds  and  their  effects  cn  metabolic  systems . 
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ttfects  or 


ilaminodiphenylsulfone  (DOS)  on  thyroid  function 


and  2-3  diphosphoglyceric  acid  (2-3  DPG)  content  was  studied  in  rats.  At  the  doses 
used  no  thyroid  effect  vas  noted.  However,  2-3  DFG  levels  m  red  ceils  were  increased 
in  animals  treated  with  ntd  c-.se  in  hamsters  challenged  with  bacterial  endotoxin 

and  malaria.  2.  Silastic  hags  -ere  attached  to  hiiiary  catheters  successfully 
implanted  in  rat  abdomens  and  collections  of  bile  made  from  tneni.  3.  The  effects 
of  prozole  on  the  drinking  patterns  ot  f.TOH  preferring  rats  was  tested.  Administration 
of  pyrpzote  reduced  consumption  of  alcohol  In  this  trial  study.  Further  work  is  in 
progress,  t.  -onparative  study  of  4  different  procedures  for  2-3  DPG  determination 
was  conducted  in  conjunction  with  the  Clinical  Chemistry  section.  The  Prins  and  l.oos 
method  was  determined  to  be  the  most  stable  anci  most  reliable.  5.  A  preliminary  study 
of  ha i ethane  toxicitv  vas  completed.  Far  technical  report  see  Walter  Reed  Army 
Institute  of  Research  Annual  Progress  Report,  1  Jul  70- <0  Jun  71. 
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DESCRIPTION. 

The  delineation  of  mechanism  of  action  of  a  variety  of  agents  con¬ 
tinues  to  be  of  marked  interest  in  biological  and  physiological  chem¬ 
istry.  Methods  of  studying  these  mechanisms  in  animal  models  and  the 
effects  of  these  agents  on  the  animal  models  are  the  goal  of  this  work 
unit.  In  addition  to  development  of  model  animal  systems  and  observa¬ 
tion,  results  are  reported  concerning  halcthane  induced  hyperexia. 

1.  DDS.  Organic  compounds  containing  the  aminobenzene  grouping 
have  beerTshown  to  inhibit  the  synthesis  of  thyroid  hormone.  DDS  is 
structurally  related  to  other  thyroid  active  agents  and  this  activity 
was  measured  in  terms  of  depression  of  thyroxine  levels  and  2,3-DPG 
levels.  The  depression  of  thyroid  function  and  related  effects  on  meta¬ 
bolic  systems  may  be  related  to  the  antimalarial  effects  of  DDS 

2.  2,3-DPG.  It  is  known  that  a  direct  relationship  exists  between 
the  organic  phosphate  content  of  erythrocytes  and  the  oxygen  affinity 
of  hemoglobin.  The  major  organic  phosphate  of  erythrocytes  and  the  one 
having  the  major  influence  on  orygen  affinity  is  2,3-diphosphoglycerate 
(2,3-DPG).  Preliminary  studies  have  been  performea  to  determine  the 
levels  of  2,3-DPG  in  bacterial  shock  and  malaria  and  to  relate  these 
results  to  the  course  of  the  disease. 

3.  Collection  of  bile  from  laboratory  animals  is  important  in 
studying  excretions  of  hepatic  origin.  Many  water  insoluble  drugs  are 
metabolized  in  the  liver  and  excreted  in  the  bile.  The  development  of 
a  successful  method  of  implanting  an  accessible  plastic  bag  and  biliary 
catheter  into  the  abdomen  of  the  rat  will  make  studies  of  sequential 
bile  samples  much  easier. 

4.  The  biochemical  mechanism  which  underlies  alcohol  preference  in 
rats  is  unknown.  Metronidazole  (Flagyl),  a  weax  inhibitor  of  liver 
alcohol  dehydrogenase,  has  been  found  to  be  effective  in  decreasing  al¬ 
cohol  consumption  in  rats  with  induced  or  natural  preference  for 
ethanol  while  the  drug  was  given.  We  are  evaluating  the  effect  of 


pyrazole  (an  analog)  on  the  drinking  pattern  of  rats  with  induced  or 
natural  preference  for  alcohol. 

5.  The  clinical  syndrome  of  anesthetic-triggered  malignant  hyper- 
exia  has  been  described  with  increasing  frequency  irv  the  recent  medical 
literature.  The  mortality  in  this  condition  is  ^70%..  The  agents  respon¬ 
sible  have  included  halothane,  chloroform  and  succinyl  choline.  The 
mechanism  of  the  production  of  the  syndrome  is  unknown.  The  susceptible 
patients  develop,  shortly  after  exposure  to  these  agents,  unrelenting 
fever  and  muscle  rigor,  ending  in  death.  There  is  a  familial  predispo¬ 
sition,  suggesting  an  inheritable  disorder  of  muscle  metabolism  or  oxi¬ 
dative  metabolism. 

An  animal  model  has  been  developed  based  on  the  observation  that  the 
South  African  Landrace  pig  exhibits  the  same  reaction  to  anesthetics. 

PROGRESS. 

1.  DPS.  Experimental  animals  were  divided  into  three  groups  (con¬ 
trol,  acute,  chronic)  and  the  acute  and  chronic  groups  received  DDS 

(25  mg/rat  suspended  in  0.5%  methyl  cellulose  containing  0.1%  Tween  80). 
The  dosage  and  sacrificeschedules  were  planned  to  provide  a  sampling  of 
acute  and  chronic  effects  of  treatment.  The  animals  were  sacrificed  and 
thyroid  gland  excised  and  weighed.  Blood  samples  were  collected  for 
2,3-DPG  and  thyroxine  assay.  The  study  utilized  41  animals. 

2.  2,3-DPG.  A  study  of  shock  induced  by  bacterial  endotoxins  and 
of  malaria  was  carried  out  and  the  erythrocyte  organic  phosphate  levels 
were  measured.  Sprague-Dawley  rats  were  used  in  the  studies  of  bacteri¬ 
al  shock  and  hamsters  infected  with  P.  berghei  were  used  for  the  studies 
of  2,3-DPG  levels  in  malaria.  Anestfietizea  animals  were  bled  from  the 
abdominal  aorta  and  hematocrit,  pH  and  2,3-DPG  content  determined. 

3.  Implantation.  The  implantation  of  a  silastic  bag  in  the  abdo¬ 
men  was  successful.  Collection  of  bile  introduced  into  the  bag  through 
a  biliary  connula  can  be  carried  out  making  possible  serial  collections 
of  bile  for  further  study. 

4.  A  pilot  study  to  evaluate  the  effect  of  pyrazole  on  the  drinking 
patterns  of  rats  with  induced  or  natural  preference  for  alcohol  was  com¬ 
pleted.  The  situation  was  set  up  as  a  free  choice  system  in  which  the 
animals  choose  between  water  and  10%  w/v  EtOH.  Pyrazole  was  adminis¬ 
tered  after  establishment  of  baseline  alcohol  consumption  and  subsequent 
consumption  was  determined. 

5.  Landrace  Pi  os.  A  project  was  initiated  and  completed  to  deter¬ 
mine  whether  or  not  the  American  Landrace  pig  showed  the  same  response 
to  anesthetic  agents.  Fourteen  animals  have  been  tested  to  date.  They 
were  exposed  sequentially  to  anesthesia  with  thiopental,  nitrous  oxide 
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and  halothane.  Core  temperatures  were  monitored  and  muscle  biopsies 
for  ATP  levels  were  collected. 

SUMMARY. 

1.  DPS.  Prophylactic  doses  of  DOS  (25  mg)  did  not  produce  a  signi¬ 
ficant  hyperplasia  of  rat  thyroid  glands  or  change  plase  thyroxine  levels 
compared  to  untreated  or  normal  controls.  These  doses  did  produce  de¬ 
pressed  appetite  and  weight  loss.  The  chromatograms  of  thyroid  extracts 
showed  qualitative  decreases  in  T4  and  T3  but  not  mono  or  diiodotyrosine. 
The  discrepancy  in  the  T4  assay  cannot  be  explained  at  this  time.  Blood 
2,3-DPG  levels  showed  some  increase,  in  the  DDS  treated  animals.  If  this 
elevation  of  2,3-DPG  can  be  confirmed  it  would  indicate  a  hyperthyroid 
condition  and  an  additional  oxygen  requirement  by  the  tissues.  The  use 
of  larger  doses  of  DDS  (250  mg/an i-mal )  should  yield  additional  informa¬ 
tion  on  the  effect  of  this  compound  on  thyroid  and  related  biochemical 
functions. 

2.  2,3-DPG  levels  ir.  the  bacterial  endotoxin  shock  animals  were 
significantly  lower  (p  <.01 )  than  control  animals.  Dexamethasone  treat¬ 
ment  prevented  changes  in  2,3-DPG  content  of  red  cells  and  pH.  A  signi¬ 
ficant  rise  in  red  blood  cell  ATP  (p  <.05)  and  the  increase  in  2,3-DPG 
in  malaria  infected  hamsters  probably  reflects  a  compensatory  mechanism. 
The  elevation  cf  both  ATP  and  2,3-DPG  would  permit  better  oxygenation 

of  the  tissues. 

3.  Bile  was  successfully  collected  from  tne  implanted  silastic  bag 
and  cannula  daily  by  insertion  of  a  needle  through  the  abdominal  wall 
into  the  bag.  One  to  3  ml  of  bile  were  collected  each  day.  This  pro¬ 
cedure  provides  a  convenient  reservoir  for  the  serial  collection  of  bile 
over  several  days.  This  system  was  utilized  by  other  members  of i:he 
biochemistry  staff  for  the  study  of  the  metabolism  and  distribution  of 
orally  administered  WR  33063. 

4.  The  data  indicate  that  pyrazole  (25  mg/xg),  given  as  a  single 
intraperitGneal  injection,  decreased  alcohol  consumption  50%  or  more 
for  6-8  days  in  rats  with  either  induced  or  natural  preference.  There 
are  three  possible  explanations  for  this  effect  of  pyrazole  on  rats: 

a)  inhibition  of  hepatic  metabolism  of  alcohol  resulting  in  intolerable 
blood  alcohol  levels,  b)  the  compound  may  produce  an  aversion  reaction 
toward  alcohol,  and/or  c)  tne  compound  may  inhibit  brain  alcohol  dehydro¬ 
genase.  hence  reducing  acetaldehyde  and  tetrahydropapaverol ine  levels  in 
the  brain. 

5.  Fourteen  American  Landrace  pics  were  tested.  Only  one  of  the 
animals  exhibited  a  hyperexia  reaction,  resuiting  in  death.  Nc  muscle 
ATP  changes  were  observed  in  nan-reactive  animals  but  the  reactive 
animal  demonstrated  a  marked  fall  in  muscle  ATP  content.  The  fall  in 
muscle  AT''  content  exceeded  that  normally  observed  with  exhaustive 
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muscular  activity  in  man.  Serum  ionized  and  total  calcium  concentrations 
become  abnormally  high  during  the  reaction.  These  studies  indicate  that 
the  American  Landrace  pig  also  exhibit  this  reaction  to  anesthetic  agents, 
but  the  incidence  is  probably  lower  than  in  the  South  African  strain. 
Inbreeding  of  the  trait  (if  possible)  can  be  expected  to  increase  their 
incidence  making  this  animal  model  economically  feasible  for  the  study 
of  this  important  disease  entity. 
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Project  3A061102B71R  RESEARCH  IN  BIOMEDICAL  SCIENCES 
Task  01  Surgery 

Work  Unit  092,  Clinical  evaluation  of  responses  of  the  body  to  combat 
injury 


Investigators. 

Principal:  COL  Robert  T.  Cutting,  MC 

Associate:  MAJ  Phillip  M.  Levin,  MC;  MAJ  Robert  D.  Croom,  III,  MC; 

CPT  Neven  A.  Popovic,  VC 

1 .  Patency  of  Vein  Grafts  in  the  Venous  System 

a.  Statement  of  the  problem:  Extremities  have  been  lost  as  a  result 
of  venous  hypertension  despite  adequate  arterial  repair  indicating  the 
need  for  a  more  aggressive  approach  to  vein  repair  following  trauma. 

Yet  thrombosis  is  a  nearly  inevitable  event  following  venous  reconstruc¬ 
tion. 


b.  Background:  Ligation  remains  the  usual  procedure  following 
trauma  to  the  major  venous  supply  of  an  extremity.  Numerous  techniques 
have  been  tried  to  improve  patency  of  venous  repairs  but  none  have  proved 
uniformly  successful.  The  use  of  a  distal  arteriovenous  shunt  has  im¬ 
proved  the  patency  of  venous  autografts  in  dogs. 

c.  Approach  to  the  problem:  Clinical  follow-up  of  the  patients  in 
the  Vietnam  Vascular  Registry  was  made  with  special  attention  to  those 
patients  having  sustained  venous  injury  alone  or  combined  venous  and  ar¬ 
terial  injuries  in  the  extremities. 

d.  Results  and  Conclusions:  Extremities  have  been  lost  due  to  venous 
insufficiency  despite  adequate  arterial  repairs.  The  majority  of  lateral 
venous  repairs  remain  patent.  Autogenous  vein  grafts  in  the  venous  sys¬ 
tem  were  prone  to  thrombosis  but  provided  time  for  collateral  development 
and  later  underwent  recanalization.  Venous  repairs  can  be  performed  with 
few  complications;  the  potential  benefits,  particularly  in  the  lower  ex¬ 
tremities,  outweigh  the  risks. 


2.  The.  Role  of  Arteriovenous  Shunts  in  Venous  Reconstruction 


a.  Statement  of  the  problem:  Under  combat  conditions  extremities 
have  been  lost  as  a  result  of  venous  hypertension  despite  adequate  arterial 
repair  indicating  a  need  to  improve  venous  drainage  in  the  traumatized 
extremity  if  more  limbs  are  to  be  saved. 
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b>  Background:  Numerous  techniques  have  been  tried  to  maintain  pa¬ 
tency  of  venous  repairs  but  none  of  them  have  proved  uniformly  successful. 


c.  Approach  to  the  problem:  By  constructing  a  distal  arteriovenous 
fistula  the  patency  of  autogenous  venous  grafts  can'  be  improved.  This 
hypothesis  was  tested  in  20  dogs. 

d.  Results :  The  use  of  a  distal  arteriovenous  shunt  improved  the 
patency  of  venous  autografts  as  compared  to  controls.  However,  the 
control  grafts  showed  a  surprisingly  high  patency  rate  of  90%  six  weeks 
following  operation.  Because  only  25%  of  the  control  grafts  were  patent 
72  hours  postoperatively,  the  six  week  figure  indicates  the  high  degree 
to  which  venous  grafts  undergo  recanalization. 

e.  Conclusion  and  Recommendations:  The  distal  AV  shunt  increases 
the  patency  of  venous  autografts.  Venous  autografts  can  frequently 
undergo  recanalization.  The  advantage  of  the  distal  shunt  appears  to  be 
in  its  ability  to  maintain  patency  of  the  venous  graft  during  the  early 
postoperative  period. 


3 .  Peripheral  Venous  Reconstruction  Using  Autogenous  Connective  Tissue 

Grafts  Grown  in  Response  to  Implanted  Silastic  Rods 

a.  Statement  of  the  problem:  It  is  often  difficult  to  find  suitable 
veins  which  can  be  grafted,  especially  in  patients  with  multiple  extrem¬ 
ity  injuries. 

b.  Background :  The  importance  of  repairing  acute  venous  injuries  in 
the  lower  extremities  is  stressed.  Early  patency  has  been  enhanced  with 
the  use  of  temporary  distal  AV  fistula.  The  availability  of  suitable 
autogenous  veins  for  repair  of  both  acute  and  chronic  venous  injuries  is 
limited.  A  possible  source  of  suitable  prosthetic  is  a  connective  tissue 
tube  which  forms  secondary  to  implantation  of  silastic  tubing. 

c.  Approach  to  the  problem:  Autogenous  connective  tissue  tunnels 
grown  in  response  to  implanted  silastic  rods  are  being  evaluated  as  re¬ 
placement  material  for  secondary  peripheral  venous  reconstruction  both 
with  and  without  a  distal  AV  fistula. 

d.  Results :  Study  is  underway. 


4.  The  Effects  of  Acepromazi ne  on  pH,  Oxygen  and  Carbon  Dioxide  in 
Arterial  Blood  of  Dogs 

a.  Statement  of  the  problem:  Research  using  dogs  requires  varying 
degrees  of  pharmacological  control  of  CNS  responses.  Ace promazine  (10- 
(3-Dimothvlami tv>  pru-.-l'  ple-not  b  a/. :  no-i'-y  1 -me  thy  1  Ketone)  roaleato  is  a 
neuroleptic  agent  used  tor  tran.jui  1  ization  ot  dogs  and  cats  and  as  a 


570 


pre-anesthetic  medication. 


b.  Background:  Acepromazine  has  been  used  in  connection  with  vari¬ 
ous  projects,  at  the  Walter  Reed  Army  Institute  of  Research  without 
knowledge  of  its  effects  on  the  respiratory  and  circulatory  systems  nor 
on  biochemistry. 

c.  Approach  to  the  problem:  Measurements  of  pH,  PaC^  and  PaCC^ 
were  selected  as  the  most  critical  parameters  of  physiologic  function 
following  the  administration  of  CNS  depressants.  In  addition,  heart 
rate,  respiratory  rate,  minute  ventilation  and  rectal  temperature  were 
obtained. 

Under  local  anesthesia  polyethylene  catheters  were  placed  in  the 
femoral  artery  and  vein.  Arterial  blood  samples  were  collected  before 
the  drug  administration  and  periodically  after  the  drug  injection  (intra¬ 
muscularly  at  0.5  pound  of  body  weight). 

d.  Results:  There  were  no  changes  in  pH,  PaC02,  PaO^  and  oxyhemo¬ 
globin  saturation  and  minute  ventilation.  However,  significant  decreases 
were  observed  in  the  respiratory  rate,  temperature,  heart  rate,  arterial 
pressure,  and  central  venous  pressure.  These  are  consistent  with  other 
phenothiazine  derivatives. 

e.  Conclusions:  Acepromazine  is  a  satisfactory  pre-anesthetic  agent 
in  medica'  studies  involving  the  dog. 

f.  Reconroendation:  Further  studies  are  not  required. 
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23.  (U)  To  determine  the  reaction  of  cultured  white  blood  cells  (lymphocytes)  as  it 
pertains  to  antigenic,  infectious,  radiobiological,  drug,  biochemical  and  physical 
injuries  encountered  in  military  operations.' 

24.  (U)  Cytogenetic,  histological,  radiotracer,  and  serologic  methods  are  used  to 
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stimuli.  Tins  lymphocytic  response,  in  a  system  where  non-exf  ’rimental  variables  are 
well-controlled,  is  used  to  test  hypotheses  concerning  the  nature  and  therapeutic 
modification  of  whole  body  responses. 

25.  (U)  70  07  -  71  06  A  specific  gamma  globulin  was  found  ir  the  plasma  of  kidney 
transplanted  dogs  which  inhibited  the  transformation  of  lymphocytes  from  the  kidney 
donor  for  several  months  after  transplantation.  This  is  the  first  conclusive  demon¬ 
stration  that  an  animal  strongly  stimulated  to  produce  a  cellular  immune  reaction 
produces  (in  the  circumstances  of  this  experiment)  3n  ant. body  that  interferes  with 

a  response  which  directly  afreets  recovery  from  many  mfectiors.  For  technical 
reports  see  Wait."-  Reed  Army  Institute  of  Research  Annual  Progress  Report,  1  lulv  70  - 
3J  dune  ?!. 
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Project  3A061102B71R  RESEARCH  IN  BIOMEDICAL  SCIENCES 
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Work  Unit  093,  Response  of  cells  derived  from  subjects  injured  by  physi¬ 
cal  trauma,  radiation,  or  infectious  agent  exposure.  - 

investigators. 

Principal:  COL  K.  C.  Johnson,  MC 

Associate:  lTC  J.  Miller,  MC;  M.  M.  Hill;  M.  H.  Davis 

Problem 

To  better  understand  the  role  of  cellular  interaction  and  immune  responses 
with  specific  emphasis  on  radiation  injury  and  histocompatibility 
studies. 

Background 

This  department  has  since  its  inception  been  concerned  with  investigation 
of  cellular  phenomenon.  While  initially  the  study  was  restricted  to 
radiation  effects,  more  recently  and  following  an  international  trend 
the  emphasis  has  been  shifted  to  problems  of  transplantation  and  wound 
healing. 

Approach 

The  greatest  emphasis  has  oeen  placed  on  the  study  of  cells  in  vitro 
systems  using  techniques  of  tiss»*e  culture,  cellular  immunology  and 
radiobiology. 

Results 

The  final  data  from  the  study  of  the  effect  of  combined  antibiotic 
therapy  and  bone  marrow  transplantation  on  wound  healing  in  rats  exposed 
to  neutrons  has  been  evaluated.  The  results  were  presented  in  pre¬ 
liminary  form  by  M.  M.  (McLaughlin)  Hill  in  July  1970  at  the  Fourth 
International  Congress  of  Radiation  Research,  Evian,  France.  A 
manuscript  entitled,  "Combined  Bone  Marrow  and  Antibiotic  Therapy  in 
Rats  Wounded  After  Exposure  to  Neutrons  "  has  been  prepared  by 
M.  C.  Johnson,  M.  M.  McLaughlin  and  M.  H.  Davis.  It  has  been  submitted 
for  publication  in  Transplantation  and  is  presently  in  the  hands  of  the 
reviewers.  As  a, result  of  the  information  gained  from  this  investiga¬ 
tion  ar.d  others,  it  has  bee.,  postulated  that  the  biohasic  Changes 
seen  in  the  wound  healing  patterns  of  rats  exposed  to  neutrons  are  due 
primarily  to  radiation  induced  changes  in  vascular  permeability.  An 
attempt  is  underway  to  correlate  post-irradiation  changes  in  wound 
closure  with  changes  in  vascular  permeability.  Radioiodinated  serum 
albumin  (RISA)  is  being  used  to  detect  changes  both  at  the  wound  site 
and  in  whole  body  excretion.  Preliminary  data,  obtained  from  animals 
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wounded  on  different,  post-irradiation  days,  indicates  that  both  the 
amount  of  radioactivity  which  'leaks'  into  the  wound  bed  as  well  as  the 
amount  excreted  by  the  animal  varies  with  the  time  interval  between 
radiation  and  wounding. 

Imrnunogammagiobulin  (IgG)  has  been  isolated  from  the  serum  of  patients  by 
DEAE  Sephadex  ion  exchange  chromatography  The  various  fractions  of  the 
eluate  were  monitored  by  UV  absorption  at  280  mu  and  appropriate  portions 
were  lyophilized  before  storage  at  -70C.  The  concentrated  material  has 
subsequently  been  used  in  mixed  lymphocyte  cultures  for  cytotoxicity 
studies.  This  method  of  gel  filtration  has  also  been  used  to  isolate 
the  fraction  containing  late  acting  thyroid  stimulating  hormone  (LATS) 
from  the  sera  of  patients  whose  thyroid  status  is  being  evaluated  in  the 
Nuclear  Medicine  Clinic,  WRGH.  In  conjunction  with  this  in  vitro  method 
a  bioassay  for  thyroid  stimulating  hormone  (TSH)  has  also'  been  under¬ 
taken.  Weanling  mice  maintained  of  a  carefully  formulated,  iodine 
deficient  diet  are  used  in  the  assay  of  TSH  levels  in  patient  sera. 

The  studies  concerned  with  the  relationship  between  peroxidation  and 
cation  loss  in  liposomes,  which  have  been  carried  out  during  the  past 
two  years,  have  been  completed.  They  are  described  in  a  manuscript  by 
M.  Leibowitz  and  M.  C.  Johnson,  entitled,  "Relation  of  Increased 
Peroxidation  to  Cation  Loss  in  Liposomes,  which  has  been  accepted  for 
publication  in  the  November  1971  issue  of  the  Journal  of  Lipid  Chemistry. 

In  the  field  of  cellular  immunology,  the  research  can  be  divided  into 
two  broad  categories: 

1.  The  study  of  enhancement,  i.e.,  the  specific  suppression  of 
immunity  by  humoral  antibody. 

2.  The  study  of  the  cellular  mechanisms  of  immunity  in  vitro  and 
in  vivo,  i.e.,  the  central  segment  of  the  immune  arc  and  i ts  cellular 
makeup." 

Progress  is  being  made  in  each  of  these  fields: 

!,  Ihe  mixed  lymphocyte  culture  has  been  and  is  being  studied  in 
detail.  This  is  considered  to  be  an  in  vitro  model  of  cellular  immunity 
(transplantation  as  we1!  as  bacterial  antT  viral}. 

Lymphocytes  of  the  dog,  human  and  inbred  mouse  are  being  studied. 

A  humoral  factor  isolated  by  co’umn  chromatography  from  dog  serum 
and  found  to  be  Immunoglobulin  G  or  7$  antibody,  was  discovered  to  occur 
in  the  serum  of  recipients  during  the  course  of  unmodified  allograft 
rejection.  This  tact  O'"  inhibited  mixed  lympiiocvte  culture  reactions 
by  binding  to  the  stimulated  population  of  lymphocyte..  Although  it  is 
not.  completely  ciea'*  there  is  evidence  that  noi  unly  cytotoxic,  but  also 
enhancing  mechAnisms  ate  involved  The  factor  as  early  as  five 
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days  after  renal  transplantation  in  the  dog  and  can  be  eluted  from  the 
rejecting  organs.  These  studies  are  being  extended  t.o  humans  after 
clinical  renal  transplantation. 

2.  Several  studies  have  been  performed  using  specific  anti¬ 
lymphocyte  sera  in  mice.  Sera  have  been  made  to  strain  specific  (H-2) 
antigens  as  well  as  lymphocyte  cell  specific  antigens  such  as  the 
thymic  derived  "T"  as  opposed  to  the  bone  marrow  derived  "B"  type 
lymphocyte. 

3.  The  role  of  the  granulocyte  In  transplantation  inmunity  is 
being  investigated  with  the  use  of  pure  granulocyte  preparations  using 
an  in  vitro  mixed  lymphocyte  culture  system.  A  anti  granulocyte  serum 
has~Feen  prepared  in  rabbits  and  its  role  in  this  model  is  being  studied. 

4.  Also  in  progress  are  studies  on  factors  affecting  tumor 
growth  in  the  mouse.  More  specifically  the  role  of  enhancing  antibody 
is  being  investigated. 
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controlled  conditions,  are  being  developed  and  used  for  this  analysis. 
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>l  tie  cell  surface  in  the  interaction  between  cells  and  onvir 
He  ensuing  modification  or  Intracellular  synthesis  and  inotabc. 
ound  healing  sequence  as  reproduced  in  the  model.  F-u  te-dm* 
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Problem  and  Bacxground 

Combat  inflicted  injury  is  due  to  the  penetration  of  the  energy  released 
by  various  types  of  weapons  into  the  body  of  the  soldier.  While  the  type 
of  energy  involved  may  vary,  the  result  is  invariably  damage  and  loss  of 
living  tissue  which,  when  compatible  with  life,  is  followed  by  tissue 
regeneration,  healing  and  repair.  As  the  restoration  of  the  soldier's 
health  and  combat  capability  depends  on  these  repair  processes,  it  is  the 
objective  of  this  study  to  uncover  the  underlying  mechanisms  and  to  de¬ 
velop  means  for  increasing  their  effectiveness.  Since  living  tissue  is 
built  from  cells  and  these  in  turn  from  molecules ,  the  attainment  of  this 
objective  requires  the  analysis  and  mapping  out  of  the  sequence  of  cellu¬ 
lar  and  molecular  events  which  follow  tissue  injury  and  lead  to  its  even¬ 
tual  repair  and  healing.  It  has  been  decided  to  proceed  with  this  analy¬ 
sis  by  considering  one  of  the  most  essential  sequences  following  injury: 
the  proliferation  of  fibroblasts  in  the  early  phase  of  the  wound  followed 
later  by  arrest  of  cell  growth  and  elaboration  of  collagen.  The  signifi¬ 
cance  of  this  sequence  for  the  clinical  course  of  wound  healing  in  the 
injured  soldier  becomes  readily  apparent  when  it  is  considered  that  the 
first  process,  fibroblast  proliferation,  is  an  important  determinant  of 
the  speed  of  healing,  while  the  second,  elaboration  of  collagen,  is 
responsible  for  the  development  of  the  tensile  strength  of  the  wound. 

From  this  point  of  view  the  problem  of  wound  healing  can  then  be  restated 
in  the  form  of  the  following  two  questions:  1)  What  is  the  nature  of 
the  changes  in  the  cellular  environment  which,  following  injury,  first 
induce  fibroblasts  to  proliferate  and  later  limit  cell  division  to  the 
maintenance  of  a  collagen  producing  steady  state  cell  population?  2) 

What  is  the  nature  of  intracellular  molecular  interactions  which  occur 
in  response  to  these  extracellular  changes  and  result  in  the  early  phase 
of  DNA  replication  and  general  protein  synthesis  followed  later  by  a 
marked  reduction  of  these  activities  while  the  synthesis  of  collagen 
continues  at  a  relatively  high  rate? 

Approach 


The  reason  that  a  great  number  of  clinical  and  experimental  studies  have 


failed  to  provide  answers  to  the  two  questions  defined  above,  lies  ir. 
the  great  complexities  of  the  clinical  situation  in  man  and  the  experi¬ 
mental  conditions  in  the  whole  animal.  Even  the  discovery  that  cultures 
of  fibroblasts  attached  on  glass  or  plastic  surfaces  reproduce  the 
wound  healing  sequence  (i.e.  pronounced  decline  of  I)NA  replication, 
general  protein  synthesis  and  cell  division  while  collagen  synthesis  is 
maintained  at  relatively  high  levels)  as  they  proceed  from  low  to  high 
cell  densities1,  has  failed  to  provide  the  desired  answers.  This  is 
due  to  the  fact  that  in  attached  cultures,  it  is  impossible  to  distinguish 
between  possible  physical  growth  regulatory  mechanisms  necessitating 
cell  to  cell  contact  and  humoral  regulation  operating  through  decreased 
uptake  of  substances  essential  for  growth  by  dense  cultures. 

We  decided  to  approach  this  problem  through  the  use  of  suspension  cul¬ 
tures  where  cell  to  cell  contact  is  minimized:  reduction  of  DNA  syn¬ 
thesis,  of  general  protein  synthesis  and  of  mitosis  with  maintenance  of 
collagen  synthesis  in  such  cultures  would  unequivocally  indicate  humoral 
regulation.  An  opening  wedge  would  thus  be  provided  for  identifying 
the  extracellular  environmental  changes  and  intracellular  metabolic 
interactions  responsible  for  the  wound  healing  sequence. 

The  origin  and  quantitative  karyotype  of  the  L-929  cell  subline  and  the 
culture  methods  used  to  obtain  viable  and  structually  intact  high  den¬ 
sity  populations  have  been  described  previously2 ’ 3 ’ u .  During  the  period 
covered  by  the  report,  DNA  synthesis,  mitosis,  synthesis  of  cellular 
proteins  and  of  collagenous  and  non-col lagenous  proteins  released  in 
the  media  of  these  high  density  cultures  were  investigated  and  com¬ 
pared  with  low  density  cultures  as  follows : 

I.  To  determine  the  fraction  of  cells  synthesizing  DNA,  9  ml  samples 
were  removed  from  the  experimental  cultures  at  desired  time  intervals 
and  pulse  labeled  for  10  minutes  with  3H  thymidine  added  to  the  samples 

at  a  final  concentration  of  0.25  yCi/ml.  The  cells  were  then  centrifuged, 
washed  with  cold  Earle's  balanced  saline,  fixed  In  a  1:3  cold  mixture  of 
glacial  acetic  acid-ethanol  and  streaked  on  slides.  After  air-drying, 
the  slides  were  stained  with  Feulgen,  coated  with  Kodak  Nuclear  Track 
Emulsion  NT  E2,  exposed  for  3-6  days  and  developed.  Total  and  labeled 
cells  were  determined  in  the  final  autoradiographs  by  counting  a  least 
2000  cells. 

II.  To  determine  the  fraction  cf  the  cell  population  in  mitosis  at 
desired  time  intervals  following  medium  renewal,  appropriate  samples  of 
the  cell  suspension  were  added  to  equal  volumes  of  a  1:2:3  mixture  of 
0.1  percent  crystal  violet  in  0.1  M  citric  acid  -  0,1  M  citric  acid 

-  0.25  percent  methylcellulose  in  0.1  M  citric  acid  and  allowed  to 
stand  for  30  minutes.  Wet  mounts  were  then  prepared,  and  total  and 
mitotic  cells  determined  with  the  aid  of  an  ocular  grid.  At  least  2000 


58  l 


cells  were  counted  for  each  determination.  To  determine  the  fraction 
of  the  cells  entering  mitosis  over  an  extended  period  of  time,  colchicine 
at  a  final  concentration  of  6  ug/ml  was  added  to  cultures  2  hours  after 
renewal  of  the  medium  when  dispersal  of  the  cells  was  almost  complete. 
Eighteen  hours  later,  i.e.,  20  hours  following  medium  renewal,  wet 
mounts  were  prepared,  and  total  and  mitotic  cells  determined  as  just 
described. 

III.  To  determine  rates  of  synthesis  of  cellular  proteins  and  of  col¬ 
lagenous  proteins  released  into  the  medium,  L-proline  3,4-3H  with  a 
specific  activity  of  5.86  Ci/'mM  was  added  to  low  and  high  density  cultures 
at  a  final  concentration  of  2  pCi/ml.  The  cultures  were  allowed  to 
incubate  at  35°  for  desired  periods  of  time.  .  At  the  end  of  these  times 
5  ml  samples  of  the  suspensions  were  removed  and  the  cells  separated 
from  the  medium  through  centrifugation  at  500g  for  10  minutes.  The  cell 
pellets  were  washed  twice  with  5  ml  freshly  made  medium  and  the  washings 
added  to  the  original  medium  bringing  the  total  to  15  ml.  The  cell 
pellets  were  then  treated  with  5  ml  0.5N  PCA  in  an  ice  bath  for  20  min¬ 
utes.  The  resulting  precipitate,  was  removed  by  centrifugation,  washed 
with  cold  PCA  containing  1  mg/ml  of  cold  proline  and  hydrolysed  overnight 
in  6N  HC1  at  115°.  The  15  ml  samples  of  media  and  cell  washings  were 
placed  back  in  the  incubator  and  stirred  for  15  minutes  after  addition 
of  cold  proline  sufficient  to  yield  a  concentration  ratio  to  the  isotope 
of  10^:1.  The  medium  then  was  treated  in  the  same  way  as  the  cell 
pellet  except  that  an  equal  volume  of  IN  PCA  was  used  to  precipitate 
the  high  molecular  weight  components.  Cell  and  medium  hydrolysates  were 
subsequently  evaporated  to  dryness  and  dissolved  in  0.2  M  sodium  citrate 
buffer  at  ph  3.42.  Radioactive  proline  and  hydroxyproline  in  the 
hydrolysates  were  then  separated  through  cation  exchange  column  chroma¬ 
tography  and  quantitated  by  means  of  liquid  scintillation  counting. 

Results  and  Discussion 


I.  The  fraction  of  cells  synthesizing  DNA  at  various  times  after  medium 
renewal  in  cultures  of  varying  densities  is  shown  in  Fig.  1.  In  the  case 
of  the  lew  density  exponentially  growing  cultures,  this  fraction  increased 
from  an  initial  mean  value  of  0.41  at  2  hours  to  0.53  at  14  hours  and  then 
declined  again  to  a  value  of  0.36  at  26  hours.  This  slight  degree  of 
synchrony  is  most  probably  due  to  interference  of  the  mechanical  manipu¬ 
lations  and  temperature  changes  associated  with  medium  renewal,  with  the 
normal  progression  of  the  cells  througn  t!e  cycle.  lf7  in  order  to 
facilitate  comparisons,  this  slight  iegree  of  synchrony  is  ignored  and 
the  fraction  of  cells  synthesizing  DNA  is  averaged  over  the  entire 
26-hour  observation  period,  a  value  of  0.4?  is  obtained. 

Renewal  of  the  medium  had  a  strikingly  different  effect  on  high  density 
cultures  as  shown  by  the  immediate  rise  of  the  fraction  of  thymidine 


labeled  cells  to  a  maximum  value  of  0.06  where  if  remained  until  8 
hours.  After  this  time,  the  fraction  of  labeled  cells  declined  pro¬ 
gressively  to  a  minimum  value  of  0.006  where  it  remained  until  the 
medium  was  again  renewed  (Fig.  l-II) .  Mechanical  manipulations  and 
cooling  during  media  renewal  obviously  cannot  account  for  the  sudden 
rise  of  the  fraction  of  labelled  cells.  Accordingly,  synchrony  in 
this  case  cannot  be  ignored  and  the  values  of  the.  fraction  of  cells 
synthesizing  DNA  must  be  compared  individually  to  the  average  rate 
characteristic  of  low  density  cultures.  This  comparison  shows  a 
reduction,  ranging  from  87  percent  for  the  maximum  rate  between  2  and 
8  hours,  to  97  per  cent  for  the  minimum  rate  between  20  and  26  hours. 

Following  dilution  of  high  density  populations  to  the  low  levels  charac¬ 
teristic  of  exponentially  growing  cultures  (Fig.  1-TII),  the  number  of 
DNA  synthesizing  cells  showed  an  increase  which,  minimal  at  8  hours, 
reached  a  progressively  higher  rate  resulting  in  a  value  of  0.60  at 
20  hours  with  a  subsequent  decline  to  0.40  at  26  hours. 

II.  The  kinetics  of  the  mitotic  activity  in  cultures  of  varying  cell 
densities  as  a  function  of  time  after  medium  renewal  (Fig.  2)  were 
found  to  parallel  closely  the  kinetics  of  DNA  synthesis  just  described. 
Thus,  in  the  low  density  exponentially  growing  cultures,  the  curve  of 
the  fraction  of  cells  in  mitosis  (Fig.  2-1),  while  qualitatively  similar 
to  the  curve  of  the  3H  thymidine  labeled  cells  (Fig.  1-1) ,  appears  to 
have  been  displaced  to  the  right.  Increments  and  decrements  of  mitotic 
activity  followed  regularly  the  corresponding  changes  in  DNA  synthesis 
confirming  the  slightly  synchronizing  effect  of  the  manipulations 
involved  in  media  renewal. 

Although  this  synchronization  was  present  in  all  populations  examined, 
the  ranges  plotted  around  the  means  indicate  that  the  fraction  of  cells 
undergoing  mitosis  at  any  given  time  fluctuated  widely  among  the  popula¬ 
tions  examined,  with  the  greatest  differences  found  at  14  and  20  hours  when 
mitotic  activity  was  highest.  These  differences  were  very  nearly  elimi¬ 
nated  when  the  number  of  metaphases  obtained  bv  treating  the  cultures  with 
colchicine  for  18  hours  was  considered  (Fig.  2-T,  bar  graph).  This 
indicates  that  the  main  cause  for  the  variation  noted  in  these  experiments 
was  that,  while  the  total  number  of  cells  entering  mitosis  over  an 
extended  period  of  time  was  nearly  identical  in  all  cultures,  the  fraction 
of  cells  undergoing  mitosis  at  any  given  point  in  time  varied  considerably 
in  different  cultures.  In  this  respect,  cell  populations  growing  in  cul¬ 
ture  are  no  different  from  tissue  cells  gravin'-'  :n  y‘;o)  as  is  readily 
shown  by  a  comparison  of  the  ranges  around  the  means  of  the  time  curves 
of  Figs .  1  and  2  with  the  variation  seen  In  imllariy  obtained  time  curves 
of  DNA  synthesis  and  mitosis  in  the  regenerating  'rtt  liver1. 


It  follows,  that  in  order  to  obtain  a  reliable  estimate  of  the  true 
mitotic  rate  of  such  populations,  the  length  of  the  exposure  to  col- 
chicine  should  be  such  as  to  minimize  fluctuations  of  the  mitotic 
activity  with  time  in  individual  cultures  without  allowing  a  significant 
number  of  cells  to  leave  the  metaphase  block.  The  18-hour  exposure  used 
in  this  work  was  chosen  because  preliminary  determination  of  the  kinetics 
of  colchicine  arrested  metaphases  showed  that  the  number  of  cells  leaving 
the  block  at  18  hours  was  negligible,  while  the  choice  of  an  earlier  time 
interval  would  reintroduce  the  type  of  variation  seen  in  the  mitotic 
index  curve. 

The  bar  graph  of  Fig.  2-1  indicates  that  at  the  end  an  18-hour  expo¬ 
sure  to  colchicine,  beginning  2  hours  after  renewal  of  the  medium  of 
low  density  exponentially  growing  cultures,  the  fraction  of  cells  which 
accumulated  at  metaphase  was  0.60,  or,  a  mean  rate  of  flow  of  cello  into 
mitosis  of  0.033  cells  per  hour.  The  average  mitotic  index  over  the 
same  period  of  time,  calculated  as  in  the  case  of  the  3H  thymidine 
labeled  cells  by  ignoring  the  slight  synchrony  due  to  medium  renewal 
manipulations,  was  0.02.  Standard  calculations  based  on  these  data 
indicate  that  the  mean  mitotic  duration  of  low  density  exponentially 
growing  populations  was  0.59  hours. 

As  with  low  density  cultures,  increments  and  decrements  of  the  mitotic 
index  in  high  density  populations  followed  earlier  changes  in  the  fraction 
of  3H  thymidine  labeled  cells.  A  maximum  value  of  0.005  was  reached  at  14 
hours  and  a  minimum  of  0.003  at  2  and  at  26  hours  (Fig.  2-II).  This  is  a 
reduction  of  75  and  85  percent,  respectively,  compared  to  the-  average 
mitotic  index  of  the  low  density  populations.  On  the  other  hand,  the 
fraction  of  cells  arrested  in  metaphase  was  0.049,  corresponding  to  a 
mitotic  flow  of  0.003  cells  per  hour,  or,  a  reduction  of  over  90  percent, 
in  comparison  to  low  density  populations.  The  discrepancy  of  the  reduc¬ 
tion  between  mitotic  index  and  mitotic  flow  Indicates  that  the  duration 
of  mitosis  is  prolonged  in  high  density  cultures.  Another  indication  of 
this  prolongation  is  provided  by  the  greatly  reduced  amplitude  of  the 
fluctuations  of  the  mitotic  index  of  the  high  density  cultures  when 
compared  with  the  earlier  fluctuations  of  the  fraction  of  DNA  synthesiz¬ 
ing  cells  (Fig.  l-II).  The  resulting  relative  constancy  of  the  mitotic 
index  made  possible  the  calculation  of  an  average  value  for  the  interval 
2  to  20  hours,  which  in  turn  was  used  to  obtain  a  first  approximation 
of  the  duration  of  mitosis.  Thv  value  thus  obtained  is  1.4  hours. 

Following  dilution  of  high  dens •.  ty  populations  (Fig.  2-TII),  there  was  a 
slow  gradual  increase  in  the  aveiage  mitotic  index  which,  however, 
remained  within  the  range  characteristic  fat  high  density  cultures  until 
20  hours.  AK'*r  this  time,  the  increase  oi  the  m-  r.ytic  in-lax  reached  a 
very  high  rate  parallel ing  a  similar  increase  of  the  fraction  of  DNA 
synthesising  cells  (Ftg.  !-!!■),  but  with  .misidorable  delay.  This 


delay  was  also  reflected  in  the  fraction  of  colchicine  arrested  meta¬ 
phases  which  at  20  hours  had  risen  bearly  above  the  level  characteris¬ 
tic  for  high  density  populations  (Fig.  2-1 I  and  III,  bar  graphs).  Con¬ 
sequently,  it  became  necessary  to  extend  the  observations  on  the  post¬ 
dilution  flow  of  cells  into  mitosis  beyond  20  hours.  The  mitotic 
degeneration  known  to  occur  in  cultures  continuously  exposed  to  col¬ 
chicine  was  no  obstacle  because  it  was  found  that  with  prolonged 
exposure  to  colchicine  L  cells  pass  through  the  easily  identifiable 
micronuclear  and  ameboid-nuclear  stages  first  described  in  the  regenerat¬ 
ing  liver  of  the  rat.  By  counting  cells  in  these  stages,  in  addition 
to  metaphases,  it  has  been  possible  to  extend  the  observations  to  32 
hours  as  shown  in  Fig.  3.  The  completeness  of  mitotic  accumulation 
between  20  and  32  hours  is  indicated  by  the  near  linearity  of  the  curve. 
Qualitatively  and  in  regard  to  timing,  the  curve  is  identical  with  the 
mitotic  index  curve  (Fig.  2-II1)  and  confirms  the  fact  that  the  entry 
of  cells  into  mitosis  following  dilution  of  a  high  oensity  culture 
follows  the  kinetics  of  j'NA  synthesis. 

The  curve  consists  of  three  distinct  linear  or  near  linear  segments 
rendering  possible  the  calculation  of  three  mitotic  flow  rates  follow- 
ingdilution  of  a  high  density  culture.  These  rates  expressed  as  the 
fraction  of  cells  entering  mitosis  per  hour,  are:  for  the  first  8  hours 
following  medium  renewal,  0.001;  for  the  interval  8-20  hours,  0.006;  and 
for  the  interval  20  -  32  hours,  0.043.  Thus,  for  the  first  8  hours 
following  dilution,  the  rate  of  mitotic  flow  remained  within  the  limits 
characteristic  for  high  density  populations  and  showed  only  a  slight 
rise  from  8  to  20  hours;  after  this  time  it  exhibited  a  dramatic  14-fold 
increase  exceeding  by  approximately  30  percent  the  mitotic  flow  rate 
of  low  density  exponentially  growing  cultures. 

In  Figs.  l-II  and  2- II,  it  can  be  seen  that  at  the  end  of  the  26-hour 
period  following  renewal  of  the  medium,  the  population  was  virtually 
depleted  of  cells  in  the  S  period  and  the  mitotic  index  was  low.  Medium 
renewal  caused  an  immediate  rise  of  the  fraction  of  cells  in  S  to  a  maxi¬ 
mum  of  0.06  followed  at  14  hours  by  a  rise  of  the  mitotic  index.  While 
the  prolongation  of  the  duration  of  mitosis  previously  discussed,  makes 
a  direct  quantitative  comparison  cf  mitotic  and  labeling  indices  uncertain, 
it  can  be  calculated  that  with  a  mitotic  flow  of  0.003  cells  per  hour  and 
a  mitotic  duration  of  1.4  hours  the  maximum  fraction  of  the  cells 
expected  to  complete  mitosis  par  day  is  0.048.  There  is  near  identity  of 
the  values  for  the  fractions  of  DNA  synthesizing  cells  and  of  those 
completing  mitosis,  with  a  value  of  approximately  0.05  for  the  fraction 
of  nonviable  cells  which  were  found  to  occur  in  high  as  well  as  low  dtn- 
sitv  exponentially  growing  cultures,  most  probably  because  of  the  manipu¬ 
lations  associated  with  medium  renewal. 

The  abruptness  of  the  rise  of  the  number  ot  JNA  synthesizing  cells  to  a 
maximum  at  2  hours  (Fig.  l-II)  indicates  that  beside  prolongation  of 


mitosis  there  it)  also  delay  of  a  snail  fraction  of  cells  in  the 
period.  Medium  renewal  triggers  the  entry  of  these  cells  into  the  S 
period  with  differences  of  the  duration  of  this  period  among  different 
cells  accounting  for  the  gradualness  of  their  depletion  between  8  and 
20  hours  after  medium  renewal. 

The  same  response  from  the  Gj  delayed  fraction  is  obtained  at  2  hours 
after  dilution  of  a  high  density  population  (rig.  1-II7).  Beginning 
at  8  hours  after  dilution,  however,  there  is  a  further  marked  increase  of 
the  number  of  DNA  synthesizing  cells,  the  cumulative  kinetics  of  which 
suggest  that,  besides  the  delayed  cells  a  ouch  larger  fraction  of 
the  pcp-'lation  is  triggered  into  the  cell  cycle  from  a  GQ,  or,  early 
phase.  This  increase  of  SNA  synthesizing  cells  i3  followed  12  hours 
later  by  an  increase  of  mitoses,  both,  mitotic  index  (Fig.  2-1II)  and 
mitotic  flow  (Fig.  3)  curves  are  of  the  same  cumulative  vVe,  further 
supporting  the  concept  that  a  large  fraction  of  the  cell  pupuiatlch  in 
high  density  cultures  is  in  a  C0  or  early  Gi  state. 

These  findings  represent  the  first  demonstration  that  suspension  cultures 
are  capable  of  the  type  of  steady  state  regulation  of  growth  exhibited 
by  attached  cultures  as. o  tissue  cells  in  the  body:  the  cultures  of  L 
cells  described,  remained  viable  for  prolonged  periods,  the  large  major¬ 
ity  of  their  cells  were  arrested  in  a  GQ  or  early  Gj  phase  resuming 
growth  readily  upon  dilution,  and  small  daily  losses  due  to  culture 
manipulation  were  compenstaed  by  DNA  synthesis  and  division  limited  to 
a  correspondingly  small  number  of  cells.  The  significance  of  physical 
factors  such  as  cell  to  cell  contact  is  bv  necessity  minimal  in  cell 
suspensions.  Accordingly,  the  system  offers  unique  opportunities  for 
the  study  of-  humoral  regulation  in  a  sequence  in  vitro t  closely  resembl- 
ling  the  orderly  succession  of  the  different  phases  of  wound  healing  in 
vivo. 

III.  The  kinetics  of  protein  synthesis  in  low  and  high  density  suspen¬ 
sion  cultures  are  shown  in  Table  1.  The  longest  labelling  time  used  in 
these  first  experiments  is  5  hours,  corresponding  to  7  hours  following 
renewal  of  the  median.  Despite  this  relatively  short  observation  period, 
it  is  apparent  that  in  high  density  cultures  intracellular  protein 
synthesis,  indicated  by  the  ^H-proline  counts  in  cells,  is  reduced  by 
73-79  percent,  while  the  synthesis  and  release  of  collagen,  indicated  by 
the  media  JK-hydroxyproiine  counts,  is  reduced  by  cr.lv  33-40  percent. 
Thus,  suspension  cultures  are  shown  to  exhibit  regulatory  features  of 
general  orotein  and  collagen  synthesis  characteristic  of  attached  cul- 
tures  and  cf  healing  wounds.  Since  the  reduction  of  collagen  synthesis 
per  call  is  Hr: ted  to  a  naxi-sum  of  40  percent,  while  the  cell  population 
of  high  density  cult-res  is  increased  approximately  V  tines,  net  colla¬ 
gen  synthesis  is  increased  over  five-fold.  It  is  probable  that  a 
similar  nechanisn  accounts  for  the  apparent  increase  or  collagen  elab¬ 
oration  in  thi  late  wound. 


In  addition  to  collagen,  L  cells  were  found  to  release  other  proteins, 
indicated  by  the  media  "H-proline  counts.  This  is  in  good  agreement 
with  the  recently  reported  release  of  nor.-collagen  proteins  by  chicken 
fibroblasts"1.  The  nature  and  function  of  tnese  proteins  is  at  present 
obscure.  The  table,  however,  shows  that  in  contrast  to  the  synthesis 
of  intracellular  protein  and  of  collagen  which  is  reduced  by  a  constant 
percent  in  the  high  density  cultures,  these  proteins,  expressed  by  the 
media  proline  counts,  show  a  reduction  which  becomes  progressively 
greater  with  time.  Properly  exploited  this  finding  might  provide  us  with 
some  interesting  clues  regarding  their  role. 

Finally,  the  data  indicate  that  the  reduction  of  intracellular  collagen, 
indicated  by  the  3H-hydroxyproline  counts  in  cells,  is  approximately 
midway  between  the  reduction  of  cellular  protein  and  of  released  colla¬ 
gen  and,  like  them,  remains  invariant  throughout  the  6-hcur  observation 
period.  Intracellular  collagen  levels  represent  a  steady  state  between 
synthesis  and  release  of  this  macromolecule  and  changes  of  the  rates  of 
these  Wo  processes  cannot  be  expected  to  be  the  same.  It  is  not, 
therefore,  surprising  that  the  reduction  of  intracellular  and  extracell¬ 
ular  hydroxyproline  counts  in  high  density  cultures  is  not  identical. 

This  interpretation  is  further  supported  by  the  finding  that  while  in 
both  low  and  high  density  cultures  intracellular  hydroxyproline  increases 
during  the  2-  to  4-hour  interval  and  decreases  slightly  thereafter, 
extracellular  hydroxyproline  continues  to  increase,  albeit  at  a  lesser 
rate,  up  to  the  end  of  the  observation  period. 

Conclusions  and  Recommendations 

The  essential  cellul.-’’-  sequence  of  wound  healing:  early  replication  of 
DNA,  synthesis  of  cell  protein  and  mitosis  followed  by  the  establish¬ 
ment  of  a  steady  state  population  of  fibroblasts  synthesizing  collagen, 
has  been  reproduced  for  the  first  time  in  a  model  suspension  culture 
system.  By  minimizing  interference  by  physical  factors,  such  as  cell 
to  cell  contact,  the  system  offers  unique  opportunities  for  investiga¬ 
ting  humoral  regulation.  This  type  of  regulation  has  important  poten¬ 
tialities  for  the  eventual  control  of  the  clinical  course  of  wound  heal¬ 
ing  in  the  injured  soldier  through  chemical  means.  Accordingly,  it  is 
highly  recommended  that  these  Investigations  be  vigorously  pursued  along 
three  main  lines:  a)  identification  of  the  components  of  the  cellular 
microenvironment  responsible  for  the  type  of  regulation  described  in 
this  report;  b)  exploration  of  the  role  cf  the  cell  surface  in  the  in¬ 
teraction  between  cells  and  environmental  factors;  and  c)  analysis  of 
the  ensuing  modification  of  intracellular  syntheses  and  metabolism 
responsible  for  the  orderly  succession  and  completion  of  the  different 
phases  of  the  healing  process. 


LEGENDS  OF  FIGURES  AND  TABLES 


FIG.  1  Effects  of  culture  density  on  DNA  synthesis..  At  the  indicated 
times,  cell  samples  from  Cl)  low  density  (4  -  8  X  105  cells/ml), 
(II)  high  density  C6  **  10  X  IQ6  celle/ml) ,  and  CHI)  high  den¬ 
sity  cultures  following  dilution  to  the  density  level  of  (I) 
at  0  time,  were  pulse  labeled  with  tritiated  thymidine  as 
described.  Nuclei  with  more  than  5  grains  were  considered 
labeled.  Each  point  represents  the  mean  of  at  least  three  cul¬ 
tures,  and  vertical  lines  indicate  the  range  around  each  mean. 


FIG.  2  Effects  of  culture  density  on  mitosis.  At  the  indicated  times, 
cell  samples  from  (I)  low  density  (4  -  8  X  105  cells/ral),  (II) 
high  density  (6  -  10  X  106  calls/ml),  and  (III)  high  density 
cultures  following  dilution  to  the  density  level  of  (I)  at  0 
time,  were  taken  and  the  fraction  of  cells  in  mitosis  deter¬ 
mined  as  described.  Each  pjint  represents  the  mean  of  at 
least  four  cultures  and  vertical  lines  indicate  the  range 
around  each  mean.  The  bar  graphs  on  the  right  indicate  the 
fraction  of  cells  in  metaphase,  in  samples  obtained  at  20 
hours  from  a  group  of  cultures  which  had  received  6  pg/ml  of 
colchicine  2  hours  after  medium  renewal.  Each  bar  graph 
represents  the  mean  of  at  least  3  cultures  and  vertical  lines 
indicate  the  range  around  each  mean. 


FIG.  3  Kinetics  of  the  flow  of  cells  into  mitosis  following  dilution 
of  high  density  population.  Colchicine  (6  ug/ml)  was  added 
to  the  culture  two  hours  after  its  dilution  from  an  initial 
concentration  of  7.0  X  106  cells/ml  to  4.3  X  105  cexls/ml.  In 
addition  to  metaphases  and  cells  with  scattered  chromosomes, 
the  fraction  of  cells  in  c-mitosis  includes  those  with  micro¬ 
nuclei  and  ameboid  nuclei. 


TABLE  I 


Kinetic?  of  protein  synthesis  in  cultures  of  varying  cell 
densities. 

In  ardir  to  obtain  proper  dispersion  of  the  cells  and 
accurate  cell  counts,  L  proline-3, 4- 3H  was  added  to  the 
cultures  one  hour  after  centrifugation  and  resuspension  in 
new  medium.  Labeling  times  refer  to  the  intervals  between 
addition  of  the  isotope  and  sampling.  Accordingly,  by 
adding  one  hour  to  the  figures  given  in  the  table,  the 
corresponding  post  medium  renewal  times  are  obtained.  Low 
density  refers  to  cultures  with  4-  8  X  10&  cells/ml;  high 
density  to  those  with  6-10  X  106  cells /ml.  All  counts 
have  been  normalized  in  regard  to  cell  number  and  are  there¬ 
fore  expressed  as  disintegrations  per  minute  of  tritium 
(dpir-3H)  per  million  cells.  Proline  and  hydroxyproline  counts 
refer  to  chromatograms  of  hydrolysed,  acid  percipitable 
material  obtained  as  described  in  the  text;  they  are,  there¬ 
fore,  expressions  of  general  protein  and  of  collagen  synthe¬ 
sis,  respectively.  Distribution  of  the  counts  between  cells 
and  media  expresses  cellular  retention  and  release,  respec¬ 
tively,  of  these  newly  synthesized  materials. 
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23.  (U)  Research  is  devoted  (1)  to  studies  of  the  hemodynamic  and  biochemical  controls 
of  the  normal  heart  and  its  coronary  circulation  under  a  variety  of  normal  and  abnormal 
stresses,  and  (2)  to  studies  of  the  natural  history  of  development  of  the  coronary  ar¬ 
terial  collateral  circulation  in  the  presence  oi  induced  coronary  insufficiency  and  of 
ways  to  improve  such  collateral  compensation. 

24.  (IT)  The  major  research  is  based  on  two  experimental  models  developed  for  long  term 
study  of  the  coronary  normal  and  coronarv  coHacera!  circulations  in  the  conscious  dog. 

25.  (U)  70  07  -  71  06.  Adenosine  uptake  bv  the  canine  myocardium  appears  to  occur  by 
facilitated  diffusion,  and  binding  to  the  transport  carrier  is  stereospecific.  The  ef¬ 
fects  of  purine  nucleosides  on  adenosine  transport  appear  to  be  independent  of  their  ef¬ 
fect  on  coronary  vascular  tone.  These  results  suggest  that  alterations  in  the  proper¬ 
ties  of  heart  cell  membranes  mav  contribute  to  the  cardiac  deterioration  seen  i H  hemor¬ 
rhagic  and  endotoxin  shock.  A  semiconductor  net  a  -adi  u  nm,  detector  was  tested  suc¬ 
cessfully  in  the  dog,  and  a  more  sensitive  error  is  under  devc  lopmeu'  .  In  conscious 
postoperative  dogs,  excitement  causes  a  plethora  o'  coronarv  flew  an!  a  markedly  ele¬ 
vated  coronarv  sinus  oxygen  satura'icn,  fh.s  response  i;  not  altered  bv  coral- cardiac 
neural  ablation.  Detailed  studies  have  vorclusiveiv  established  that  a  targe  collateral 
circulation  develops  verv  quickly  following  gradual  or  abrupt  ..av.inarv  occlusion,  disap¬ 
pears  rapidly  upon  relief  of  the  occlusion,  .no  is  re-established  within  minutes  if  the 
vessel  is  reon  luded.  Congenita!  absi  ruet  ton  .pi  the  tow.  •  *  n  t  .  Mther  ventricle 
marked  1 v  restricts  systolic  cornnir-.  hiood  ;i oi  a  id  Crpna..  ..  se-  on"  ii-pedin*nt  to  myo¬ 
cardial  oxygen  supply  during,  .’xerixe,  cvritme  '  ire*  ,  the;  lit  fe  *:  u;e«,  for  tech¬ 
nical  repor's  see  Walter  Reed  Artie  institute  o:  Reseat',  h  An  u,'1  "to.  tax  .  Report.  I  Jul 
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Description. 

Development  of  standardized  biological  preparations  for  long  term 
hemodynamic  and  biochemical  studies  of  the  controls  of  the  circula¬ 
tion  and  of  myocardial  activity  in  the  normal  state  and  under  the 
influence  of  abnormal  and  pathological  stresses. 

Progress  and  Results. 

1.  Development  of  Instruments  and  Methods  for  Cardiovascular  Research. 

The  design  and  development  of  a  lithium-drifted  silicon  semiconductor 
beta  ray  detector  suitable  for  long-term  studies  of  tissue  clearance 
of  diffusible  indicators  in  conscious  postoperative  animals  was  suc¬ 
cessfully  concluded.  One  such  unit  was  implanted  on  the  surface  of  a 
dog's  heart  and  functioned  satisfactorily  for  four  weeks.  Tissue  re¬ 
action  to  the  encapsulant  was  minimal.  Because  of  the  low  efficiency 
of  this  type  of  detector,  studies  of  avalanche  diodes  were  begun. 
Preliminary  results  indicate  that  the  latter  is  several  times  more 
efficient  than  the  Li/Si  type,  and  may  be  suitable  for  measurements 
of  tissue  clearance  of  Kr-85. 

2 .  Metabolic  Control  of  Left  Coronary  Blood  riow. 

Adenosine  kinase  from  dog  heart  has  been  separated  from  adenosine 
deaminase  and  its  kinetic  characteristics  have  been  studied.  This 
enzyme  has  a  Km  of  0.4  fjfi,  and  its  activity  in  dog  heart  is  on  ( ^he 
order  of  20-30  nmole/g  LV*min.  The  enzyme  is  stimulated  by  Mg 
and  although  ATP  is  a  substrate  having  optimal  effects  at  2  mM,  it 
appears  to  be  a  competitive  inhibitor  at  10  mM.  The  low  Km  of  this 
enzyme  relative  to  that  of  adenosine  deaminase  affords  a  plausible 
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explanation  for  the  observed  predominance  of  phosphorylation  over 
deamination  of  adenosine  subsequent  to  its  entry  into  the  nyocardial 
cell. 

The  estimates  of  the  kinetic  parameters  of  adenosinp  uptake  by  dog 
heart  have  been  further  refined,  the  Vrnax  being  4.9  +  0.7  naole/g 
LV’min  and  the  14a  being  1.!.  0  1  2.4  y*.  Insulin  appears  to  raise  both 
Ka  and  Vmax,  as  has  been  'eported  for  arabinose  and  xylose  transport. 
Several  6-substituted  purine  ribosides  inhibit  adenosine  uptake,  their 
relative  effectiveness  being:  -MO  -SCri3  *  0.  Adenosine 

uptake  is  also  inhibited  by  a  nuobrr  of  adenine  fwrano sides  whose  ef¬ 
fectiveness  is  in  the  order:  5’deoxvriboside}  arabinoside^psicofurano- 
side;  2 'deoxyadenosine  was  an  inhibitor  only  .at  very  high  concentra¬ 
tions  and  adenosine  xyloside  was  not  inhibitory  at  all.  These  preli¬ 
minary  results  suggest  that  the  binding  of  adenosine  to  the  nyocardial 
membrane  carrier  which  mediates  its  transport  may  depend  upon  the 
electron-donating  capacity  of  the  purine  6-substituent  and  on  the 
orientation  of  the  2'  and,  to  a  great  extent,  the  3 'hydroxyl  of  the 
ribosyl  moiety. 

The  relative  effectiveness  of  the  6-substituted  purine  ribosides  as 
coronary  vasodilators  is  in  Che  same  general  order  as  their  effective¬ 
ness  as  inhibitors  of  adenosine  transport,  except  that  neither  inosine 
f=0)  nev  thioinosine  (=S)  is  vasodilatory,  and  the  effect  of  the  methyl 
thio  analog  is  delayed  in  onset.  Apparently,  both  the  2'  and  3*  hyJrox 
vl  groups  oriented  trans  to  the  purine  mciety  is  the  conformation  re¬ 
quired  for  coronary  vasodilatory  activity.  Only  adenosine  and  its 
5* deoxy riboside  were  strongly  vasoactive.  Psicofuramine,  which  has  a 
-CK  OH  group  adjacent  to  the  epimeric  carbon  (corresponding  to  the  2' 
carbon  cf  the  ribofuranose  ring),  is  &  relatively  weak  coronary  vaso¬ 
dilator,  and  neither  adenine  arabinoside  nor  xyloside  has  any  vaso¬ 
dilatory  effect. 

Myo  ial  Metabolism. 


The  studies  on  site-specific  inhibitors  of  oxidative  phosphorylation 
in  heart  sarcosomes  have  been  alrast  completed  and  the  work  is  being 
written  for  publication.  The  specificity  of  biguanides  for  rhe  second 
phosphorylation  site  is  dependent  on  the  entire  biguanide  group  being 
sterically  unencumbered.  The  blocking  out  of  one  of  the  inline  groups 
or  the  terminal  amine  groups  will  cause  the  resulting  com. pound  to  act 
as  a  guanidine  derivative  and  be  specific  for  the  first  rather  than 
the  second  phosphorylation  site. 

Work  is  now  proceeding  to  study  the  mechanism  oi  this  inhibition  in 
order  to  gain  some  insight  into  -*•?  normal  coupling  phenomenon  involv¬ 
ing  inorganic  phosphate,  adenosine  di  pr.osphace  and  a  possible  alipha¬ 
tic  intermediate. 
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Work  on  the  new  submitochondrial  particle  prepared  from  beef  heart 
is  being  continued.  A  stable  preparation  has  been  obtained  which 
exhibits  good  oxidative  phosphorylation  properties.  This  particle 
contains  about  307.  of  the  pyridine  nucleotide  present- in  the  intact 
mitochondrion  while  the  cytochrome  content  increased  about  three¬ 
fold  on  a  protein  basis.  The  endogenous  NAD  is  reduced  by  80%  on 
the  addition  of  succinate,  and  is  rapidly  reoxidized  on  the  addition 
of  an  uncoupling  agent.  The  morphological  studies  have  been  slow  due 
to  an  overload  of  use  on  the  available  electron  microscopes. 

4.  The  Normal  Coronary  Circulation. 

Using  an  experimental  model  set  forth  in  the  -1970  Annual  Report,  an 
unusual  response  has  been  found  of  the  normal  coronary  circulation 
of  the  resting  dog.  Following  excitement  induced  in  various  ways,  a 
very  large  increase  in  left  coronary  inflow  occurs  within  10  to  15 
seconds.  This  response  is  similar  to  t..at  with  exercise,  and  is  ac¬ 
companied  by  significant  elevation  of  systemic  dynamics.  However, 
instead  of  increasing,  the  oxygen  extraction  across  the  heart  de¬ 
creases  markedly  with  the  result  that  the  coronary  sinus  oxygen  may 
rise  to  60%  saturation  from  a  control  of  about  25.1  saturation.  This 
marked  rise  in  coronary  sinus  oxygen  content  also  occurs  in  the  dog 
with  a  heart  chronically  denervated  by  the  stripping  technique,  ana 
in  such  a  dog  it  can  occur  without  significant  elevation  of  heart 
rate  and  aortic  blood  pressure.  This  indicates  that  there  is  a 
plethora  of  coronary  blood  flow.  Excitement  is  the  only  known  natu¬ 
ral  stress  in  which  the  oxygen  supply  exceeds  the  oxygen  demand. 

5.  Regulation  of  the  Coronary  Collateral  Circulation. 

Using  the  experimental  models  outlined  in  the  1970  Annual  Report, 
studies  have  been,  completed  of  the  changing  coronary  collateral  com¬ 
pensation  in  chronic  conscious  dogs,  1)  in  which  the  blood  firm  in  the 
circumflex  branch  of  the  left  coronary  artery  was  partially  removed, 
gradually  reduced  to  zero,  and  abruptly  reduced  to  zero;  and  2)  in 
which  after  artery  closure,  the  vessel  was  reopened  for  a  long  period 
and  then  abruptly  reclosed. 

a.  Progressive  circumflex  occlusion.  Left  circumflex  flow  has 
been  gradually  reduced  to  zero  in  1.5  to  12  days  in  13  chronic  dogs 
bv  an  Hg  constrictor  adjusted  externally  so  that  minimal  to  no  changes 
occurred  in  the  electrocardiogram  and  systemic  dynamics.  At  autopsy, 
there  was  minimal  to  no  infarction.  All  collateral  indices  increased 
markedly;  left  descending  flow  and  its  reactive  hyperemia  nearly 
doubled,  the  circumflex  peripheral  pressure  rose  ■*  to  5  times,  xenon 
clearance  in  the  occluded  circumflex  bed  rose  to  values  approximating 
those  before  induction  of  coronary  insufficiency.  Recrograde  colla¬ 
teral  flow  from  the  non-occluded  coronary  arteries,  measured  terminally, 
'  as  greatly  elevated  even  after  an  occlusion  of  only  one  and  on  :-half 
days.  It  was  found  not  necessary  for  coronary  blood  flow  to  ’  t  reduced 
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Co  zero  to  establish  a  significant  collateral  circulation.  Sizeable 
increases  in  circumflex  peripheral  pressure  and  collateral  flow  were 
observed  even  when  circumflex  flow  was  reduced  by  about  60%  over  a 
2^  day  period. 

b.  Abrupt  circumflex  occlusion.  Abrupt  and  complete  closure  of 
the  circumflex  branch  for  1  to  4  days  was  carried  out  in  15  dogs.  No 
dog  succumbed  or  developed  ventricular  fibrillation  despite  classical 
changes  in  the  electrocardiogram  and  massive  myocardial  infarction. 
Evidence  for  improved  collateral  function  during  the  first  day  or  so 
was  the  large  elevation  of  circumflex  peripheral  pressure,  a  mild 
rise  in  xenon  clearance  and  in  retrograde  collateral  blood  flow. 

These  changes  were  greatly  increased  after  the  first  day  of  occlusion. 
After  1  to  2  days  of  occlusion,  the  collateral  indices  were  all 
greatly  elevated,  the  collateral  blood  flow  being  many  times  greater 
than  in  control  dogs. 

c.  Regression  and  reappearance  of  coronary  collaterals.  In  eight 
dogs,  after  gradual  or  abrupt  circumflex  branch  occlusion  as  described 
in  5b,  the  vessel  was  reopened  for  varying  periods  and  then  abruptly 
reoccluded.  Following  release,  all  collateral  compensations  dropped 
to  near  control  levels  within  3  to  24  hours.  Following  reocclusion 

of  the  circumflex  3  to  90  days  later,  the  collateral  indices  rose  to 
very  high  levels  within  less  than  an  hour.  Even  the  directly  measured 
collateral  flow  was  very  high. 

6.  The  Effects  of  Rilmonic  Stenosis  and  Subaortic  Stenosis  on  the 

Right  and  Left  Coronary  Circulations. 

A  previous  study  designed  to  test  in  the  trained  conscious  dog  the 
effects  of  pulmonic  stenosis  and  aortic  stenosis  of  the  subvalvular 
type,  on  the  right  and  left  coronary  circulations  of  the  trained, 
conscious  dog,  has  been  expanded  considerably. 

a.  Pulmonic  stenosis.  Progressive  constriction  of  the  pulmonary 
arteries  was  mechanically  induced  over  a  few  weeks  in  a  third  dog  (see 
1970  Annual  Report).  Early  and  with  only  moderate  elevation  of  right 
ventricular  systolic  pressure  'about  i-5/3  iran  Hg),  right  coronary  blood 
flow  increased  throughout  the  cardiac  cycle:  later,  both  mean  and 
systolic  coronary  flow  decreased.  These  flow  trends  are  similar  to 
but  of  smaller  magnitude  than  those  found  in  previous  dogs  m  which 
much  higher  right  ventricular  pressures  were  maintained. 

In  a  joint  project  with  the  Comparative  Cardiovascular  Studies  Section, 
University  of  Pennsylvania,  two  mature  well  trained  dogs  with  con¬ 
genital  pulmonic  stenosis  of  the  fibrous  ring  type,  have  oeen  studied 
in  this  laboratory;  a  third  dog  is  presently  being  evaluated.  Follow¬ 
ing  recovery  from  imp]  antatior.  of  electromagnetic  flowmeters  on  the 
ascending  aorta  and  right  coronary  artery,  and  a  pressure  tube  in  r.be 
aorta,  the  dogs  were  stud^pd  at  rest  and  under  the  influence  of 


natural  stresses.  With  right  ventricular  systolic  pressure  greatly 
exceeding  aortic  systolic  pressure,  the  right  coronary  blood  flow  of 
35  ml/lOOg/min  at  rest  is  about  the  same  as  in  the  dog  with  a  normal 
right  ventricular  pressure.  There  is  very  little  right  coronary  sys- 
tolic  forward  flow  and  negative  flow  is  generally  seen  during  lata 
systole.  In  exercise,  excitement,  and  reactive  hyperemia,  mean  right 
coronary  flow  rises  largely  because  of  vasodilatation  during  diastole, 
but  coronary  systolic  flow  increases  scarcely  at  all.  These  findings 
contrast  with  those  in  the  dog  with  a  normal  right  ventricular  pres¬ 
sure,  in  whom  at  rest  the  level  of  flow  throughout  systole  is  about  as 
high  as  during  diastole,  while  during  stress  states  coronary  blood 
flow  increases  greatly  throughout  the  cardiac  cycle. 

b.  Congenital  subaortic  stenosis.  An  additional  dog  with  con¬ 
genital  subaortic  stenosis  of  the  fibrous  ring  type  has  been  studied 
as  part  of  a  continuing  collaborative  investigation  with  the  Cardio¬ 
vascular  Studies  Section,  School  of  Veterinary  Medicine,  University 
of  Pennsylvania  (see  1969  Annual  Report).  With  left  ventricular 
systolic  pressure  almost  twice  the  aortic  systolic  pressure,  mean  cir¬ 
cumflex  flow  is  only  15  ml/tnin/lOOg,  and  the  left  circumflex  systolic 
flow  is  almost  all  backflow.  This  confirms  the  previous  work.  The 
stresses  of  reactive  hyperemia,  excitement,  ana  mild  to  moderate 
treadmill  exercise,  all  increase  markedly  circumflex  blood  flow,  but 
the  increase  is  almost  entirely  in  diastole,  for  there  is  scarcely 
any  forward  flow  in  the  left  coronary  artery  during  left  ventricular 
ejection.  These  findings  contrast  sharply  with  those  in  the  dog  with 
a  normal  ..eft  heart.  In  the  latter  at  rest,  systolic  forward  flow  is 
considerable,  and  the  left  coronary  flow  per  lOOg/min  is  much  larger. 
During  the  aforementioned  stresses,  circumflex  coronary  flow  increases 
largely  in  systole  as  well  as  in  diastole. 

Conclusions . 

Adenosir.e  uptake  by  canine  myocardium  appears  to  occur  by  a  process  of 
facilitated  diffusion,  and  bending  to  the  carrier  is  stereospecific. 
The  effectiveness  of  a  purine  nucleoside  as  an  inhibitor  of  adenosine 
uptake  appears  to  be  independent  of  its  action  on  coronary  vascular- 
tone.  These  preliminary  results  suggest  that  alterations  in  the  pro¬ 
perties  of  heart  cell  membranes  may  contribute  to  the  cardiac  deterio¬ 
ration  seen  in  hemorrhagic  and  endotoxin  shock. 

The  specificity  of  biguanides  for  blocking  various  phosphorylation 
sites  is  dependent  on  the  presence  or  absence  of  interfering  groups. 

A  stable  subsareosomal  particle  of  high  phosphorylation  efficiency 
tightly  coupled  to  respiration  has  been  developed. 

Excitement  in  the  normal  heart  or  the  heart  with  cardiac  neural  abla¬ 
tion  causes  a  plethora  of  left  coronary  inflow  so  that  coronary  sinus 
oxygen  saturation  rises  markedly. 
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Studies  have  been  presented  of  the  natural  history  of  the  development 
of  coronary  collateral  function  in  the  chronic  conscious  dog  during 
gradually  or  abruptly  induced  left  coronary  insufficiency.  Such  de¬ 
velopment  is  very  rapid  and  large,  starting  within  the  first  day  or 
so  after  total  or  partial  coronary  occlusion.  .  Its  jnagnitude  is  such 
that  when  coronary  flow  is  gradually  reduced  to  zero  over  a  2  to  3  day 
period,  there  can  be  minimal  to  no  myocardial  infarction,  and  no  per¬ 
manent  alteration  of  the  electrocardiogram  occurs.  These  collaterals 
quickly  become  nonfunctional  when  the  coronary  insufficiency  is  re¬ 
leased.  However,  up  to  90  days  after  release,  they  are  immediately 
available  to  resupply  the  myocardium  following  a  subsequent  reocclu¬ 
sion.  Unfortunately,  these  observations  do  not  provide  evidence  for 
the  mechanisms  controlling  collateral  development  but  they  do  point 
the  way  for  future  experimentation. 

Studies  have  been  made  in  chronic  dogs  concerning  the  effect  on  the 
right  and  left  coronary  circulations  of  high  outflow  tract  impedance 
of  the  right  and  left  ventricles,  occurring  naturally  in  congenital 
pulmonic  stenosis  and  congenital  subaortic  stenosis.  With  the  right 
and  left  ventricular  pressures  considerably  in  excess  of  the  aortic 
blood  pressure,  forward  flow  is  largely  prevented  during  systole  in 
the  respective  coronary  arteries  with  the  dog  at  rest  and  during 
various  stress  states.  This  imposes  a  serious  impediment  to  the 
myocardial  oxygen  supply,  presumably  at  a  time  of  greatest  need. 

In  normal  conscious  dogs  during  gradual  mechanical  pulmonary  artery 
constriction  for  2  to  3  weeks,  right  coronary  systolic  flow  .di¬ 
minished  in  relation  to  the  extent  of  elevation  of  right  ventricular 
systolic  pressure. 
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23.  (U)  Studies  of  the  pathophysiology  of  diseases  with  hematologic  manifestations 
in  soldiers  and  the  investigation  of  those  which  occur  because  of  their  occupation. 

24.  (U)  Studies  of  hematologic  abnormalities  produced  by  chemicals,  drugs  and  infect¬ 
ious  agents  encountered  primarily  in  military  populations  and  in  native  of  geographic 
areas  of  potential  military  operations.  Studies  of  blood,  blood  products  and  blood 
substitutes  used  for  the  treatment  of  casualties  and  the  prevention  and  diagnosis  of 
diseases  in  soldiers. 

25.  (U)  70  07  -  71  06  Dapsone,  an  important  prophylactic  rr.-.tinalarla]  drug,  can 

cause  both  methemoglobinemia  and  hemolysis.  Hydroxy laminodapsone  was  shown  to  be 
primarily  responsible  and  the  mechanisms  of  action  were  delineated.  This  derivative 
is  not  primarily  responsible  for  the  antimalariai  effect  of  dapsone.  Disseminated 
intravascular  coagulation  was  demonstrated  in  patients  with  scrub  typhus  and  Korean 
hemorrhagic  fever  and  aotus  monkeys  with  falciparum  malaria.  Platelet  abnormalities 
were  observed  in  dogs  with  canine  hemorrhagic  fever  but  not  disseminated  intravascular 
coagulation.  Protein-like  substances  were  found  in  sera  which  act  as  inhibitors  of 
chemotactic  activity.  Basic  studies  of  the  import  mice  c.r  charge,  on  the  surface  of  the 
red  blood  cells  in  the  causation  of  hemolysis  were  undertaken.  For  technical  reports 
see  Walter  Reed  Army  Institute  of  Research  Annual  Progress  Report,  i  Jui  70  -  30  Jun  71 
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Description. 

Basic  and  clinical  studies  to  investigate  the  functions  and  disorders 
of  blood  and  blood  forming  organs  - 

Progress  and  Results. 

Dapsone  has  become  an  important  chemoprophylactic  drug  in  the  preven¬ 
tion  of  chloroquine  resistant  Plasmodium  falciparum  malaria  in  many 
geographic  areas  of  the  world.  This  drug  produces  clinically  apparent 
methemoglobinemia  in  people  with  a  heterozygous  deficiency  df  NADH 
methemoglobin  reductase  deficiency  and  a  measurable  increase  in  met- 
hemoglobin  blood  levels  in  normal  individuals.  NADH  methemoglobin 
reductase  deficiency  occurs  in  about  one  per  cent  of  the  normal 
population.  Although  methemoglobinemia  in  small  quantities  does  not 
produce  gross  clinical  symptoms,  it  involves  respiratory  enzymes  as 
well  as  hemoglobin  and  may  cause  minor  decrements  in  visual  and  audio 
Perception  at  low  levels.  Hydroxylamine  dapsone  was  shown  to  be  the 
only  identifiable  derivative  of  dapsone  which  produces  methemoglobin 
formation.  Additional  studies  with  this  derivative  have  suggested 
the  mechanisms  of  action.  The  hexose  monophosphate  shunt  which  is 
vital  to  protecting  the  red  blood  cell  from  oxidative  stresses  is 
paradoxically  responsible  for  the  methemoglobin  formation  observed 
with  hydroxylamine  dapsone.  The  reducing  equivalents  produced  by 
this  pathway  are  responsible  for  further  activation  of  the  drug,  re¬ 
sulting  in  additional  methemoglobin  formation.  This  was  substantiated 
by  studying  methemoglobin  formation  in  red  blood  cells  from  G6PD 
deficient  subjects.  Red  blood  cells  from  G6PD  deficient  patients 
contained  less  methemoglobin  than  erythrocytes  from  normal  subjects; 
this  observation  is  consistent  with  the  observacion  that  the  hexose 
monophosphate  pathway  is  less  effective  in  affected  red  blood  cells. 

Dapsone  is  synergistic  to  primaquine  in  causing  enhanced  hemolysis 
which  is  most  pronounced  in  subjects  with  G6PD  deficiency.  Studies 
of  a  number  of  derivatives  of  dapsone  showed  that  hydroxylamine  dapsone 
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appears  to  be  the  active  hemolytic  agent.  In  contrast  to  methemoglobin 
formation  which  is  enhanced  when  the  hexomonophosphate  shunt  is  func¬ 
tioning  normally,  hemolysis  occurs  when  there  is  impairment  of  this 
glucose  pathway.  In  the  normal  red  blood  cell  with  adequate  amounts 
of  available  glucose,  hemolysis  does  not  occur  in  .the  presence  of 
physiologic  quantities  of  hydroxylamine  dapsone.  However,  in  red 
blood  cells  with  diminished  glutathione,  there  is  a  marked  reduction 
in  red  blood  cell  survival  following  exposure  to  the  drug  in  thera¬ 
peutic  concentrations.  Studies  are  in  process  to  ascertain  if  this 
is  caused  by  the  excessive  generation  of  peroxides  within  erythro¬ 
cytes. 

Basic  studies  to  investigate  the  etiology  of  hemolysis  were  undertaken 
because  this  is  an  important  problem  in  diseases  such  as  malaria. 
Studies  were  undertaken  to  examine  whether  red  blood  cells  were  de¬ 
stroyed  because  of  loss  of  negative  surface  charge  upon  their  surface 
or  deformability  or  both.  It  was  shown  that  older  red  blood  cells 
had  a  diminished  negative  charge  on  their  surface  than  young  ery¬ 
throcytes.  Similarly,  other  investigators  have  shown  that  older  red 
blood  cells  were  treated  with  neuraminadase  in  order  to  reduce  the 
capability  of  erythrocytes  to  maintain  a  negative  charge  on  their 
surface.  Chemical  treatment  with  neuraminadase  markedly  diminished 
the  survival  of  these  cells  when  they  were  transfused.  Preliminary 
studies  show  that  this  method  of  treatment  of  erythrocytes  decreases 
both  the  negative  surface  charge  on  erythrocytes  and  also  decreases 
the  capability  of  these  cells  to  undergo  deformability. 

Studies  of  neutrophil  function  and  leukocyte  chemotaxis  were  initi¬ 
ated  during  the  year  in  collaboration  with  Dr.  Peter  Ward  at  the 
Armed  Forces  Institute  of  Pathology.  Inflammation  has  both  destruct¬ 
ive  and  beneficial  effects.  Damage  following  a  foreign  insult  is 
often  host  mediated  such  as  is  observed  in  acute  immunologic  vascul¬ 
itis  and  glomerulonephritis.  Further,  polymorphonuclear  leukocyte 
depletion  eliminates  the  necrosis  of  the  tick  feeding  lesion.  Tick 
salivary  gland  extracts  contain  a  patent  enzyme  which  cleaves  C5  to 
produce  the  chemotactic  factor  C5A.  This  was  confirmed  by  use  of 
C5  deficient  mouse  sera,  sucrose  gradient  ultracentrifugal  analysis 
and  specific  antibody  suppression.  Furthermore,  complement  depletion 
of  host  rats  by  cobra  venom  factor  also  eliminated  the  characteristic 
necrosis  following  a  tick  bite. 

The  potential  damage  to  host  tissues  resulting  from  the  accumulation 
of  neutrophils  is  substantial.  Restraints  of  the  inflammatory 
process  must  exist.  The  Cl  esterase  inhibitor  and  anaphylatoxin 
inhibitor  are  two  examples.  Two  protein-like  substances  were  found 
in  serum  which  block  the  activity  of  both  complement  and  noncomplement 
chemotactic  factors.  They  do  not  have  characteristics  of  antibodies 
and  seem  to  be  important  in  the  homeostasis  of  inflammation.  Puri¬ 
fication  of  these  compounds  is  being  pursued  because  of  the  possibility 


that  excess  production  of  these  inhibitors  could  be  associated  with 
increased  infection.  Preliminary  studies  have  shown  the  necessity 
for  glycolysis  in  the  polymorphonuclear  leukocyte  to  respond  to 
chemotactic  stimuli. 

Measurement  of  carbon  monoxide  production  iu  the  body  provide*  an 
accurate  means  of  quantifying  the  rate  of  red  blood  cell  destruction. 

It  is  preferable  to  methods  in  which  red  blood  cells  are  labeled  with 
a  radioisotope  because  it  permits  measurements  to  be  made  within  hours 
rather  than  weeks  and  it  includes  hemoglobin  degradation  from  in¬ 
effective  erytliropoiesis.  Using  this  method  three  groups  of  patients 
have  been  studied:  soldiers  with  G6PD  deficiency  with  and  without  the 
Ingestion  of  primaquine,  patients  with  sickle  cell  disease  before  and 
after  treatment  with  urea  and  patients  with  chronic  unconjugated  bili- 
rubinemia  before  and  following  caloric  deprivation.  Hemolysis  occurs 
within  hours  after  the  ingestion  of  primaquine  and  accelerated  de¬ 
struction  persists  for  days  in  patients  with  G6PD  deficiency.  The  use 
of  small  doses  of  primaquine  (5  mg  daily)  which  are  gradually  increased 
to  15  mg  daily  provide  a  method  of  avoiding  moderately  severe  anemia 
in  the  treatment  of  patients  with  malaria  who  have  G6PD  deficiency. 

The  total  number  of  red  blood  cells  hemolyzed  remains  the  same,  but  the 
rate  of  hemolysis  is  decreased.  Urea  in  invert  sugar  has  been  ad¬ 
vocated  as  a  method  for  treatment  of  sickle  cell  crises.  Studies 
of  red  blood  cell  destruction  showed  that  this  treatment  significantly 
increases  red  blood  cell  destruction.  Differentiation  of  patients  with 
hemolytic  disease  and  ineffective  erythropoiesis  from  patients  with 
Gilbert’s  disease  has  been  a  time  consuming  clinical  problem  Use  of 
CO  production  and  the  increase  in  serum  bilirubin  values  following  a 
one  day  fast  have  proven  valuable  in  decreasing  the  period  of  medical 
evaluation  from  one  month  to  several  days. 

Disseminated  intravascular  coagulation  was  observed  in  a  soldier  with 
scrub  typhus,  two  soldiers  with  Korean  hemorrhagic  fever  and  occurs 
in  Aotus  monkeys  infected  with  Plasmodium  falciparum  malaria.  In  the 
soldier  with  scrub  typhus,  coagulation  abnormalities  were  marked  and 
persisted  for  one  week  despite  prompt  recovery  of  the  patient  follow¬ 
ing  tetracycline  therapy.  Similar  coagulation  abnormalities  were 
observed  in  serial  blood  specimens  obtained  from  patients  with  hemor¬ 
rhagic  nephroso-nephritis  in  Korea.  These  findings  make  it  important 
to  examine  specimens  from  other  patients  with  these  diseases  to 
ascertain  if  the  coagulation  abnormalities  are  only  an  occurrence  in 
an  occasional  patient  or  are  an  important  manifestation  of  the  disease 
which  requires  appropriate  therapy. 

Studies  of  a  patient  with  severe  Factor  XI  (PTA)  deficiency  and  Type  I 
dysgammaglobulinemla  became  important  because  she  had  severe  ana¬ 
phylactic  reactions  following  >uocd  or  plasma  transfusions.  This 
patient  was  shown  to  have  a  deficiency  of  IgA  and  had  developed  an 
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antibody  to  IgA  following  transfusions.  Transfusions  of  plasma  from 
normal  donors  with  a  congenital  absence  of  IgA  were  unassociated  with 
any  reaction.  Since  approximately  0.2  per  cent  of  the  population 
are  IgA  deficient,  this  problem  requires  scrutiny  in  both  the  blood 
transfusion  field  and  in  the  administration  of  serup  and  serum  com¬ 
ponents  (gamma  globulin)  for  immunization  against  diseases. 

Coagulation  studies  of  dogs  with  tropical  canine  pancytopenia  failed 
to  show  abnormalities  in  coagulation.  The  bleeding  abnormality  is 
believed  to  be  caused  by  a  diminished  production  of  platelets  in 
association  with  an  increased  peripheral  destruction  of  platelets. 
Preliminary  studies  of  platelets  in  these  animals  show  excessive 
clumping  of  thrombocytes  in  the  peripheral  blood.  Platelet  survival 
studies  are  planned  in  affected  animals  to  provide  quantitative  in¬ 
formation  about  this  aspect  of  the  problem. 

In  addition,  the  Department  of  Hematology,  WKAIR,  provides  laboratory 
space  and  facilities  for  eight  Fellows  assigned  to  the  Hematology 
Service,  WRGH,  in  order  that  they  may  devote  a  portion  of  their  train¬ 
ing  to  clinical  investigation.  The  laboratories  establish  and  main¬ 
tain  standards  for  distribution  to  military  laboratories  and  act  as 
a  reference  laboratory  for  clinical  and  area  laboratories  and  con¬ 
tractual  agencies.  Laboratory  evaluation  of  patients  is  provided 
for  difficult  diagnostic  problems  in  the  areas  of  coagulation,  hemo¬ 
globin  abnormalities,  disorders  of  immunoglobulins,  red  blood  cell 
enzymes  and  abnormalities  of  iron,  and  folic  acid  metabolism. 

Recommendations . 

Further  studies  of  the  etiology  of  the  adverse  reactions  of  the  anti- 
malarial  drugs  are  required  because  it  may  be  possible  to  prevent  the 
untoward  effects  and  preserve  the  antimalaria.1,  effects.  Additional 
studies  of  the  mechanism  of  hemolysis  of  red  blood  cells,  the  coagula¬ 
tion  abnormalities  which  occur  in  various  infections  tropical  diseases 
and  of  host  responses  to  infection  promise  to  provide  basic  informa¬ 
tion  of  value  in  the  treatment  of  these  diseases. 
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23.  (i)  The  incidence  of  diatrheal  disease  in  combat  troops  has  been  shown  to 
detrimentally  --fleet  field  orerations.  This -department 's  mission  relates  to  the  patho¬ 
physiology  of  diarrheal  disease  in  order  to  better  approach  treatment  and  control  of 
these  conditions  in  the  field. 

24.  (U)  \  team  studied  the  etioiogy  of  the  prevalent  diarrheal  diseases  in  Vietnam. 
Animal  models  are  being  used  to  assess  the  effect  of  diarrheal  disease  on  Intestinal 
neuromuscular  mechanisms,  absorption  and  secretion.  Mood  flow  and  enzyme  activity. 

25.  (U)  70  07  -  71  06.  A  large  part  of  the  cightv  percent  of  diarrheas  of  unknown 
etiology  ir.  Vietnam  appear  to  be  due  to  pathogenic  F.  coli  and  a  hybrid  E.  coli/Shigella 
organism.  Diarrheal  disease  is  associated  with  a  loss  o'  inhibitory  and  an  increase  of 
excitatory  nerve/muscle  mechanisms  in  the  intestine.  The  fluid  1.-st  in  these  diseases 
results  from  a  reversal  of  water  and  salt  absorption  to  secretion;  this  condition  is 
benefited  by  providing  the  gut  with  a  solution  containing  increased  glucose.  Intestinal 
blood  flow  in  the  subhuman  primate  has  been  shown  to  be  effected  bv  experi.mnnt.cl  shock 
in  a  manner  different  from  classical  concents.  Adrenergic  st  iir.ulation  causes  mesenteric 
vasoconstriction  which  when  prolonged  is  iccoir.panied  by  autoregulatory  escape.  Intest¬ 
inal  blood  flow  has  been  shown  to  he  independent  of  motility.  Pisacchax idase  enzyr 
activity  is  reduced  in  several  malabsorption  diarrheas.  These  animal  studies  have  ,..j- 
vided  specific  informatior  concerning  absorption  ano  motility  changes  ir,  diarrhea;  a 
corresponding  study  ol  diarrhea  in  the  human  is  currently  being  organized.  For 
technics!  reports  see  Walter  Reed  Arm-.-  Institute  of  Research  Annual  Progress  Report, 

1  duly  1970  -  30  June  1P71. 
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Description.  _ 

The  research  activity  in  the  Depar  ment  of  Gastroenter¬ 
ology  this  year  was  directed  towarc  three  areas  of  gas¬ 
trointestinal  pathophysiology.  The  first  area  continued 
our  multidisciplined  approach  of  studying  the  pathophy¬ 
siology  of  diarrheal  disease.  In  this  area,  studies 
were  continued  on  intestinal  transport  mechanisms,  disac-- 
charidase  activity,  micho vascular  architecture  and  mesen¬ 
teric  blood  flow.  The  second  area  of  activity  resulted 
from  work  done  in  the  blood  flow  laboratory  that  was  es¬ 
tablished  last  year.  This  work  specifically  evaluated 
the  role  of  the  gut  in  the  pathogenesis  of  shock  .  The 
third  area  being  pursued  is  a  continuation  of  a  study  of 
the  pathogenesis  of  gastric  stress  ulceration. 

In  addition  to  the  above  areas  of  activity,  one  investi¬ 
gator  in  this  department  has  developed  an  interest,  in 
and  has  become  active  in  the  Institute ' s  program  studying 
narcotic  addiction.  The  investigator  has  established  a 
liason  position  with  The  District.of  Columbia  Narcotic 
Treatment  Administration  and  is  active  in  both  military 
and  civilian  populations  concerned  with  drug  abuse . 

Progress  and  Results. 

1 .  .  Pathophysiology  of  Diarrheal  Disease 


a  Intestinal  Transport.  Three  papers  dealing  with 
mucosal  transport"  in  diarrheal  disease  are  currently  in 
press  in  Gastroenterology .  In  the  first,  the  ilia  of 
Salmonella  infected  rats  were  shown  to  secrete  water,  Na, 
K,  and  Cl,  The  second  paper  was  concerned  with  glucose 
stimulated  intestinal  absorption.  A  perfusion  solution 
containing  118  mM  Na+  and  5©  mM  of  glucose  caused  maxi¬ 
mum  jejunal  and  iiial  absorption  in  control  cats.  In 
Salmonella'  infected  rats,  this  solution  did  not  reverse 
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the  ilial  secretion  and  in  a  like  manner  suggested  a 
jejunal  defect  since  it  failed  to  stimulate  Na  absorption 
in  that  segment  of  the,  gut.  ?This  data  suggests  that 
Salmonellosis  differs  from  cholera  in  that  oral  fluids 
will  not  therapeutically  rehydrate  an  individual  In  the 
third  study  control  ar.d_infected  rats  were  perfused  with 
either  HCS3  free  c.r  HCO3  buffered  solutions.  The  study 
tested  the^hypothesis  that  the  rat  jejunum  possesses  a 
NaVn  exchange  mechanism  that  is  similar  to  the  one  des¬ 
cribed  in  the  human  je jugal  mucosa.  The  data  suggest  '  - 
that  H4-  secretion  and  Na '  absorption  are  associated,  with 
the  mechanism  of  BCQ%  absorpticn  in  both  control  rat 
jejunum  and  infected ' ileus . 

The  luminal  accumulation  of  fluid  luring  experimental 
intestinal  obstruction  was-  studied  in  dogs  The  secre¬ 
tion  that  occurred  in  the  obstructed  gut  segment  was 
characterized  by  active  HCO3  transport  into  the  lumen. 
This  study  has  been  published  in  abstract  form  (l) 

Unidirectional  mucosal  fluxes  of  Na+  and  Cl  were  studied 
with  radioisotopes  in  control  and  infected  rats.  The 
data  indicate  that  the  net  accumulation  of  luminal  fluid 
in  diarrhea  is  due  to  a  defect  in  absorptive  mechanisms 
rather  than  to  overactivity  of  secretory  mechanisms 
This  work  is  being  prepared  for  publication.  _  7 

The  turbidometric  analysis  of  polyethylene  glycol  as 
used  to  determine  water  movement  in  these  transport 
studies  is  effective  but  is  a  complex  and  ^cumbersomej, 
analysis  Studies  are  currently  in  progress  using  i4C 
labeled  PEG  as  the  non-absorbable  water  marker  Early 
data  are  encouraging  and  suggest  that  the  radioisotope 
technique  will  facilitate  laboratory  procedures. 

The  clinical  investigation  of  intestinal  transport  in 
human  volunteers  that  started  last  year  is  continuing.. 

The  study  is  being  done  in  conjunction  with  personnel  of 
the  Department  of  Infectious  Disease,  University  of 
Maryland  Medical  School.  Several  pilot  studies  have  been 
done  in  order  to  establish  the  definitive  protocol  and 
the  actual  study  of  human  diarrheal  disease  is  scheduled 
for  an  early  start. 

b  Mesenteric  Blood  Flow  The  adrenergic  mechanisms 
in  the  mesenteric  vascular  "bed  were  studied  with  electro¬ 
magnetic  flowmeter  techinques.  The  effects  of  intra¬ 
arterial  and  intravenous  Injection  of  adrenergic  agents 
on  mesenteric  blood  flow  shoved  epinephrine norepineph¬ 
rine  and  phenylephrine  to  be  vasoconstrictors  while 
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isoproterenol  was  a  vasodilator.  AJ'pha  adrenergic  block¬ 
ade  reversed  the  epinephrine  and  phenyl ephrine  responses- 
and  beta  blockade  reversed  the.  isoproterenol  response.  ' 
Thus,  norepinephrine  appears  to  be  the  only  pure  adrener¬ 
gic  agoni3t  in  the  mesenteric  circulation v  This  study 
was.  presented,  at  the  American  Physiological  Society 
Meeting  (2),  the  catecholamine  reversal  data,  abstracted 
(3),  and  is  in  press  in  the  American  Journal  of 
Physiology .  These  data  provide  base-line  Information  for 
a  study,  currently  in  progress,  on  the  effects  of  diarrhe 
al  disease  on  mesenteric  blood  flow. 

Intravenous  injection  of  epinephrine .causes  a  large  in¬ 
crease  in  portal  pr.  ssure  in  the "dog .  In  a  study  employ¬ 
ing  catecholamine  injections,  differential  adrenergic 
blockade  and  splenectomy  the  response  was  shown  to  be 
primarily  due  to  splenic  contraction  and  secondarily  due 
to  portal  venous  constriction.  This  work  has  been  ab¬ 
stracted  (a)  and  submitted  for  publication. 

The  relationship  between  mesenteric  bloods  flow  and  in¬ 
testinal  motility  was  studied  in  anesthetized  dogs. 
Acetylcholine,  when  infused  into  the  superior  mesenteric 
artery,  increased  both  motor  activity  ana  blood  flaw 
Methacho'ine  infusion  had  no  effect  on  blood  flow  but 
caused  f  significant  increase  in  motility .  Hie  data 
suggest  that  these  parameters  are  independent  of  each 
ocher.  This  study  has  been  submitted  for  publication. 

c.  Intestinal  Di sac char Ida se  Activity.  A  manuscript 
describing  the  distribution  of  d'isaccharidases  in  human 
fetal  intestine  is  in  press  in  the  American  Journal  of 
Diseases  in  Children.  The  study  demonstrated  that  mal- 
tase  and  sucrase  levels  reached  adult  value  by  four  month 
of  fetal  development.  However,  lactase  activity  remain¬ 
ed  low  beyond  six  months  of  development  „ 

In  order  to  test  the  possibility  that  fecal  disaccha- 
ri dase enzyme  activity  might  be  employed  for  screening 
malabsorption  conditions,  these  enzymes  have  been  ana- 
ljzed  in  feces  and  compared  to  enzyme  activity  of  the 
corresponding  small  intestinal  mucosa.  The  data  indi¬ 
cate  that  a  good  correlation  exists  between  fecal  and  in¬ 
testinal  enzyme  activities.  This  study  is  being  prepared 
for  publication. 


d .  Microvascular  Architecture .  A  study  was  publish¬ 
ed  in  which  the  silicone  rubber  injection  technique  was 
used  to  describe  the  microvascular  architecture  of  the 
nohnal  colonic  mucosa  of  man  and  compare  it  to  vascular 
changes  seen  in  ulcerative  colitis  (5) .  The  vascular 
patterns  seen  support  the  concept  of  mucosal  ischemia  in 
ulcerative  colitis.  '  -  '  '  ? 

e  Etiology  of  Diarrehal  Disease  in  Vietnam.  Depart¬ 
mental  personnel  conducted  an  etiological  analysis  of 
diarrheal  disease  this  year  in  Vietnam.  Of  the  150 
patients  studied,  approximately  35$  were  demonstrated  to 
be  due  to  Shigella  infection  and  20-25$  were  due  to  pre¬ 
viously  undescribed  strains  of  pathogenic  E.  coli.  Of 
those  cases  of  diarrhea  due  to  pa  biogenic  E.  coli,  75$ 
were  the  result  of  infection  by  a  toxigenic  organism  and 
the  remainder  by  a  tissue  invasive,  dysentery -like  organ¬ 
ism.  The  pathogenicity  of  these  "hybrid"  E.  coli  organ¬ 
isms  is  being  subjected  to  continued  invesTigation  in 
laboratory  animals  and  ultimately  clinical  studies  in 
human  volunteers  will  be  conducted. 

2  Pathogenesis  of  Gastric  Stress  Ulcer. 

A  paper  was  published  that  described  the  rotational 
device  employed  to  quantitatively  stress  rats  and-  induce 
gastric  ulceration  (6).  'The  stressed  animals  that  de¬ 
veloped  gastric  ulcers  were  shown  to  have  elevated  blood 
levels  of  catecholamines  and  corticosterone.  Further 
experimentation  demonstrated  these  hormonal  blood  levels 
to  be  sensitively  dependent  upon  the  animals'  individual 
experiences,  such  as  handling,  environmental  noise,  and 
light/dark  cycle.  These  factors  render  routine  blood 
analyses  questionable  and  therefore  current  efforts  are 
aimed  at  correlating  stress  with  urinary  excretion  of 
catecholamines  and  corticosteroids.  In  order  to  do  these 
studies,  a  method  is  being  developed  using  an  implanted 
artificial  bladder  to  collect  2 h  hour  urine  specimens 
which  will  then  be  subjected  to  chemical  analyses.  Early 
results  indicate  that  an  effective  artificial  bladder  can 
be. made  and  that  urine  collections  can  be  accomplished 
under  standardized  conditions. 

7  Shock 


Current  concept s  describe  the  gut  as  a  "target  organ' 
in  shock.  The  endogenous  catecholamines  released  by 
hypotension  reputedly  cause  intense  constriction  of  the 
mesenteric  vascular  bed.  This  event  leads  to  ischemia, 
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ultimately  tissue  necrosis,  and  the  irreversible  phase  of 
7 the  shock  syndrome  A  series  of  studies  have  been  com¬ 
pleted  that  question  these  traditional  concepts. 

a.  Catecholamines  were  infused  into 'the  superior 
mesenteric  artery  of  anesthetized  dogs.  Both  epinephrine 
and  norepinephrine,  when  infused  for  a  ten  minute  period, 
caused  vasoconstriction  that  was  accompanied  by  auto- 
regulatory  escape  and.  blood  flow  returned  toward  control 
within  minutes.  Phenylephrine  and  isoproterenol  infusions 
caused  mesenteric  constriction  and  dilation,  respectively, 
without  autoregulatory- escape .  The ^occurrence  of  auto- 
regulatory  escape  with  infusion  cf  the  endogenous  cat¬ 
echolamines  suggests  that  the  intestinal  vasculature  is 
incapable  of  maintaining  a  state  of  constriction  and, 
thus,  questions  the  validity  of  the  target  organ  theory. 
This  study  was  presented  at  the.  American  Gastroenter¬ 
ological  Association  (7)  and  has  been  submitted  for  pub¬ 
lication. 


b  A  study  of  the  mesenteric  hemodynamic  events 
during  endotoxemia  in  baboons  has  been  abstracted  (8) 
and  submitted  for  publication.  The  intravenous  injection 
of  endotoxin,  LD8q  reduced  ""'cod  pressure  to  a  third  of 
control  within  two'hours.  Superior  mesenteric  artery 
blood  flow  and  portal  pressure  were  unchanged  over  a  four 
hour  observation  period  and,  ti.es,  mesenteric  vascular 
resistance  was  reduced.  The  obtei-vacion  is  opposed  to 
the  classical  canine  response  to  endotoxin  and  therefore 
questions  the  validity  of  the  target  organ  theory. 

c  A  study  of  the  mesenteric  vascular  responses  dur¬ 
ing  hemorrhagic  shock  in  baboons  has  been  submitted  for 
publication.  In  this  study  the  development  of  hypotension 
was  controlled  to  parallel  that  observed  during  endot¬ 
oxemia.  Mesenteric  arterial  blood  flow  fell  in  parallel 
with  blooa  pressure.  Vascular  resistance  was  therefore 
elevated  and  remained  thus  for  the  four  hour  observation 
period  Upon  reinfusion  of  the  shed  blood,  all  hemo¬ 
dynamic  parameters  returned  to  control  values  and  all 
animals  survived  The  canine  model  responds  to  this  pro¬ 
cedure  in  a  similar  manner,  except  the  animal  does. not 
survive 


d.  The  new  alpha  adrenergic  antagonist,  VR-2&2J , 
was  evaluated  as  a  blocking  agent  in  the  mesenteric  vas¬ 
cular  bed.  The  new  drug  did  not  protect  the  gut  against 
the  vasoconstrictor  effects  of  catecholamines  as  well  as 


phenoxybenzamine .  Work  done  in  the  Department  of 
Pharmacology ,  WRAIR,  has  shown  that  VH-oHirf  proto 
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against  the  lethal  effects  of  shock  better  than 
phenoxybenzamine .  Our  data  then  question  both  the  site  of 
action  of  the  new  drug  in  shock  protection  and  the  valid¬ 
ity  of  the  concept  that  the  gut  is  involved  in  the  patho¬ 
genesis  of  irreversible  shock.  This  work  has  been  ab¬ 
stracted  (9),  presented  at  the  Federation 'of  American 
Societies  of  Experimental  Biology  (10),  and  accepted  for 
publication  in  Proceedirg 3  of  the  Society  for  Experimen- 
tal  Biology  and  Medicine . 

Several  projects  are  currently  underway  to  further  evaluate 
mesenteric  involvement  in  the  pathophysiology  of  shock. 
These  include:  1)  Mesenteric  vascular  responses  to 
catecholamine  injections  and  infusions  in  the  baboon. 

2)  Hepatic  and-  splenic  artery  blood  flows  are  being 
measured  during  endo toxemia  in  baboons  in  order  to  deter¬ 
mine  if  the  other  major  divisions  of  the  splanchnic  vas¬ 
cular  bed  respond  in  a  manner  similar  to  the  region  ser-, 
ved  by  the  superior  mesenteric  artery.  The  data  indicate 
that  endotoxemia  has  no  effect  on  hepatic  artery  blood 
flow  but  eventually  lowers  splenic  artery  flow.  3)  The 
effects  of  sub-lethal  doses  of  endotoxin  on  mesenteric 
catecholamine  responses  are  being  studied  in  both  dog 
and  baboon.  4)  The  silicone  rubber  injection  technique 
is  being  used  to  assess  the  possibility  of  architectural 
change  accompanying  endotoxemia.  Initial  observations 
have  revealed  basic  differences  between  dog  and  monkey 
as  well  as  in  the  dog  before  and  after  endotoxin. 

4 .  Drug  Abuse. 

Work  in  this  area  has  centered  on  the  following 
problems:  l)  clinical  examination  and  identification  of 
the  addict;  2)  patterns  of  drug  abuse  within  a  popula¬ 
tion;  3)  use  of  methadone  and  other  modalities  in  treat¬ 
ing  addicts;  and  4)  the  essentials  of  treatment  and  pre¬ 
ventive  programs.  A  report  Is  currently  being  prepared 
that  characterizes  the  addiction  history  and  findings  in 
a  group  of  patients  who  have  all  been  discharged  from 
military  service  within  the  past  two  years. 

These  clinical  studies  have  raised  questions  concerning 
the  definition  of  addiction  This  question  is  being 
studied  under  an  approved  protocol  entitled  "Development 
•  of  an  Immunoassay  for  Determination  of  Narcotics  in 
Urine".  An  effort  that  Is  In  an  early  stage  of  develop¬ 
ment  is  concerned  with  establishing  a  laboratory  model  of 
addiction  to  include  the  phenomena  of  tolerance  and 
physical  dependence. 
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Conclusions  and  Recommendations 


Work  done  on  animal  models  of  diarrheal  disease  suggests 
that  Lumenal  accumulation  of  fluid  is  a  result  of  an 
absorption  defect  rather  than  excessive  secretion.  This 
information  will  be  incorporated  into  the  clinical  proto¬ 
col.  to  evaluate  mucosal  transport  activity  in  human  vol¬ 
unteers.  It  is  anticipated  that  the  initial  clinical 
study  will  employ  Salmonella  as  the  pathogenic  organism 
and  will  be  followed  by  a  similar  study  of  the  pathogenic 
strains  of  E.  coll.  The  effect  of  diarrheal  disease  on 
intestinal  Tclood  flow  will  be  studied  in  monkeys  infected 
with  Salmonella  and  Shigella. 

Several  studies  have  been  completed  that  question  the 
validity  of  current  concepts  of  intestinal  Involvement 
in  irreversible  shock.  Further  studies  will  be  continued 
to  define  the  role  of  the  splanchnic  vasculature  in  these 
hypotension  syndromes. 
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Description. 

Research  in  Military  Nursing  is  concerned  with  both  direct 
and  indirect  patient  care,  and  with  identifying  and  testing 
principles  underlying  nursing  care'.  The  ten  areas  being  re¬ 
ported  are  concerned  with:  a  comparison  of  three  methods 
of  diabetic  tea'  ing;  an  evaluation  of  two  types  of  warming 
post- operative  p.  ’-.ients?  a  content  analysis  of  queries  of 
patients  having  major  surgery;  evaluation  of  sterile 
supplies ;  three  studies  regard  thermometer  placement  times 
for  adults'  rectal  temperatures,  and  for  children's  oral 
and  rectal  temperature  measurements;  two  studies  deal  with 
a  secondary  analysis  of  data  gathered  for  adult  oral  and 
adult  rectal  thermometer  placement  times;  and  computer 
support  in  military  psychiatry. 

1 .  Diabetic  Study. 

Diabetes  mellitus,  a  major-health  problem  ir»  the  U.S.,  ranks 
as  one  of  the  leading  causes  of  death  and  of  blindness.  Be¬ 
cause  individuals  with  the  diagnosis  of  diabetes  must  assume 
the  major  responsibility  for  their  own  care,  it  is  impera¬ 
tive  that  health  cere  personnel  provide  patients  with  infor¬ 
mation  they  need  for  their  care.  This  study,  regarding  the 
teaching  of  adults  attending  diabetic  clinic,  has  the  pur¬ 
pose  of  ascertaining  the  most  effective  of  three  methods 
of  health  teaching.  The  study  design  included  pre-testing, 
presenting  three  methods  of  instruction  to  three  designated 
groups,  and  post- testing.  The  required  attendance  for  the 
three  methods  of  instruction  was:  (1)  one-hour  didactic- 
demonstration  classes  for  three  consecutive  weeks  and  with 
several  instructors  for  the  conventional  method;  (2)  one 
hour  of  programmed  instruction  for  two  consecutive  weeks 
with  one  instructor;  and  (3)  a  combination  of  the  two. 
Post-testing  included  a  test  at  the  completion  of  the  in¬ 
struction,'  and  if  patients  were  still  available  after  one 
month,  a  ietention  test  was  administered. 
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2.  Hypothermic  Study. 

° Of  the  patients  arriving  in  the  recovery  room  from  the  op¬ 
erating  room  daily,  many  are  hypothermic.  The  contribut¬ 
ing  causes  may  include :  decreased  body  metabolism  from 
anesthetic  agents,  depressed  thermoregulating  mechanism, 
peripheral  vasodilitation,  prolonged  operation  time,  and 
transfusion  of  cold  blood.  Prolonged  hypothermia  is  not 
a  desirable  state  for  patients  to  continue  in,  and  there¬ 
fore^  various  methods  of  warming  them  have  been  used.  In 
this  study  these  two  methods  of  warming  patients  will  be 
used:  (1)  three  blankets  covering  the  patient  and  (2) 

Emerson  Mobile  Heat  Lamp.  As  soon  as.  the  warming  method 
was  instituted  in  the  recovery7  room  on  each  patient,  both 
skin  and  rectal  temperature?,  were  taken  every  five  minutes 
until  a  specified  period  of  time  after  normothermia  was 
reached. 

3.  Pre-operative  Preparation  Study. 

Health  care  personnel  traditionally  provide  patients  with 
information  they  think  patients  should  have.  There  have 
been  few  studies  dealing  with  asking  patients  themselves 
what  they  would  like  to  know.  This  study  was  designed 
to  elicit  patients'  queries  about  their  surgical  event 
and  immediate  post-operative  recovrry.  Soldiers  were  in¬ 
terviewed  the  evening  prior  to  surgery  the  following 
morning  and  they  were  interviewed  post-operative ly . 

4 .  Sterile  Items  Study. 

"Sterilized"  items  for  patient  care  were  cultured  to  assess 
their  sterility  after  being  sealed  in  plastic  for  four 
years. 


5.  Thermometer  Placement  Time  Studies. 

Nursing  and  medical  text?'  do  noc  agree  on  the  amount  of 
time  required  to  measure  a  person's  body  temperature  accu¬ 
rately  by  clinical  thermometers.  Recommended  oral  ther¬ 
mometer  placement  times  vary  from  3-5  minutes,  and  from 
1-5  minutes  is  recommended  for  rectal  thermometer  place¬ 
ment.  These  times  w^r^  not  derived  from  systematic  in¬ 
vestigations  ,  but  they  have  been  used  traditionally  in 
nursing  practice.  Also,  the  amounts  of  time  recommended 
are  usually  recommended  for  all  individuals  regardless  of 
the  variables  of  age,  sex,  and  room  temperature.  In  all 
of  the  thermometer  placement  scuuie  ,  tne  purpose  was  to 
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ascertain  the  maximum  and  the  optimum  placement  times.  The 
following  were  the  operational  definitions:  (1)  maximum 
temperature  -  the  highest  registration  on  a  clinical  ther¬ 
mometer  during  the  testing  period;  (2)  optimum  temperature  - 
a  temperature  reading  0.2°  Fahrenheit  (F)  lower  than  the 
maximum  temperature;  (3)  maximum  placement  time  -  the  time 
required  for  90%  of  the  subjects  to  register  their  maximum 
temperatures;  (4)  optimum  placement  time  -  the  time  recmired 
for  90%  of  the  subjects  to  register  their  optimum  temperatures 

One  investigation  deals  with  rectal  thermometer  placement 
times  for  adults  with  rectal  temperature  readings  of  at 
least  100.6°  Fahrenheit  (F) .  Fifty  hospitalized  patients, 

25  men  and  25  women  ranging  in  age  from  18  to  65,  were  the 
intended  subjects.  The  procedure  included  taking  six  one- 
minute  readings  with  five  seconds  intervening  between  each 
reading.  Another  study,  also  regarding  rectal  thermometer 
placement  times,  had  Pediatric  Clinic  patients,  ranging  in 
age  from  one  to  six,  as  subjects.  Forty  boys  and  girls, 
with  rectal  temperature  readings  of  101°F  or  more,  had 
their  temperatures  measured  if  they  and  their  parents  con¬ 
sented.  Each  child  had  a  rectal  thermometer  inserted  for 
one  minute,  removed  five  seconds  for  reading,  and  then  re¬ 
inserted.  The  procedure  was  continued  until  eight  read¬ 
ings  were  recorded.  Also,  fifty  boys  and  girls,  ages  7-13, 
had  12  one-minute  oral  temperature  readings  if  they  had  a 
reading  of  at  least  100 °F.  Two  studies  utilize  a  secondary 
analysis  of  data;  one  is  for  data  collected  for  6  different 
studies  on  adult  oral  thermometer  placement  times  and  the 
other  is  for  different  studies  on  adult  rectal  thermometer 
placement  times. 

6 .  Computer  Support  in  Military  Psychiatry. 

The  Computer  Support  in  Military  Psychiatry  (COMPSY)  study 
is  a  project  in  Walter  Reed  General  Hospital's  Department 
of  Psychiatry  and  Neurology  with  full-time  nurse  support 
from  the  Division  of  Nursing,  Walter  Reed  Army  Institute  of 
Research.  It  is  being  reported  under  Project  No.  6215601A-3A0 
25601A823  Task  No. :  00-048. 

Progress . 

1.  The  data  collection  is  completed  on  the  diabetic  study. 
Automatic  data  processing  equipment  was  utilized  for  the 
analysis  of  data.  Programmed  instruction  was  far  superior 
to  the  ether  methods  of  teaching  for  the  comprehension  of 
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knowledge.  The  conventional  teaching  method  was  somewhat 
better  for  the  retention  of  subjects1  knowledge.  Overall, 
it  was  concluded  that  programmed  instruction  should  be 
utilized  much  more  than  at  present  for  health  teaching. 

2.  The  pilot  phase  of  this  study  was  recently  finished. 

The  data  collection  sheet  and  the  method  for  the  study 
were  revised  and  data  ware  collected  for  one  subject  in 
the  definitive  study.  However,  due  to  the  high  humidity 
and  high  ambient  temperature  in  the  recovery  room  during 
the  summer  months,  a  sufficient  sample  of  patients  with 
hypothermia  are  not  presently  available.  This  study  is 
postponed  until  the  winter  months. 

3.  The  pilot  phase  is  completed.  Male  subjects  were  in¬ 
terviewed  late  in  the  evening  prior  to  surgery  the  follow¬ 
ing  morning.  These  same  subjects  were  interviewed  post- 
operatively  after  returning  to  the  parent  ward.  Hopefully, 
the  queries  patients  have  can  be  categorized  into  areas 

of  information  patients  still  want  after  they  have  re¬ 
ceived  what  health  care  personnel  think  they  should  have. 

.At  present  a  content  analysis  of  the  interview  data  is 
being  done  to  ascertain  whether  or  not  the  data  collected 
is  suitable  for  categorization.  It  is  questionable  as  to 
whether  or  not  it  would  be  profitable  to  continue  with  the 
definitive  study.  • 

4.  The  bacteriological  testing  which  was  dene  on  27  items 
showed  the  following  results:  twenty  items  were  sterile; 
seven  items  were  not  sterile  when  cultured.  Because  cf 
the  type  of  organisms  isolated,  it  is  felt  that  four  items 
were  accidentally  contaminated,  but  that  possibly  three 
items  never  had  been  sterile. 

5.  Data  collection  is  almost  completed  on  the  adult  rectal 
thermometer  placement  time  study.  The  data  for  the  two 
children's  studies  has  been  collected  and  analyzed.  The 
findings  for  these  studies  were  as  follows:  The  overall 
maximum  and  optimum  placement  times  were  11  and  7  minutes 
for  oral  thermometers.  The  maximum  and  optimum  placement 
time  for  rectal  thermometers  was  7  and  4  minutes,  respec¬ 
tively.  There  were  too  few  subjects  in  each  sex  and  room 
temperature  groups,  in  both  the  oral  and  rectal  study,  to 
make  definite  statements  regarding  these  variables  sepa¬ 
rately.  Both  sets  of  data  do  show,  however,  that  the 
thermometer  placement  time  was  less  in  a  warmer,  as  com¬ 
pared  to  a  cool,  room.  The  secondary  analysis  for  adult 
oral  thermometer  placement  times,  with  390  subjects,  is 


completed.  It  requires  7  minutes  for  optimum  oral  readings 
for  all  adults  in  warm  rooms,  and  8  and  9  minutes,  respec¬ 
tively,  for  men  and  women  in  cooler  rooms.  The  secondary 
analysis  of  adult  rectal  thermometer  placement  times,  with 
403  subjects,  will  be  done  as  soon  as  the  first  study  men¬ 
tioned  above  is  completed. 
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Survey  of  Clinical  Practices."  Nursing  Research,  19 : 
463-465,  September/October  1970. 

Estes,  Zane  E.  "Moist  Soaks:  An  Evaluation  of  Time,  Temp¬ 
erature,  and  Solution."  Presented  at  the  Sixth  Nursing 
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24.  (U)  -  Clearance  methods,  externally  monitored  isotope  methods,  isotope  dilutions, 
ixperimental  models,  in  vivo  renal  micropuncture,  in  vitro  renal  microperfusion ,  mem¬ 
brane  transport,  light  and  electron  microscopy  and  immunopath  >logy . 

25.  (U)  70  07  -  71  06  Renal  cell  sodium  localisation  studio  were  extended  to  show 
alterations  induced  by  injury  and  transport  inhibitors.  The  role  of  physical  composition 
af  blocd  was  found  to  be  as  or  more  important  than  the  volume  status  v>f  the  animal  in 
regulating  renal  salt  excretion.  A  study  was  conducted  attempting  to  correlate  renal 
functional  and  Uistolop.lc  changes  in  combat  casualties  with  acute  renal  failure.  Methods 
Cor  physiologic  maintenance  of  the  isolated  perfused  whole  kidnev  were  investigated, 
iptimur.i  protein  intake,  nitrogen  balance,  red  blood  cell  metabolism  and  survival,  glo¬ 
bose  metabolism  and  insulin  production  were  studied  in  renal  failure  patients.  Mew  net- 
ods  of  dlalvsis  were  explored  in  these  patients.  Lost  stress  studies  assessed  factors 
uedisposing  to  this  disorder  as  well  ns  methods  for  prevention.  Renal  concentrating 
leclirtiiisms  are  being  evaluated  in  a  variety  of  primates.  Effects  of  propranolol  on 
renal  hemodynamics  in  dogs  showed  alterations  in  renal  function  were  due  to  cxtrarenal 
nfluenccs.  Splenectomy  and  combination  inemnosuppresslve  regimens  are  being  evaluated 
In  murine  lupus.  Evidence  for  a  primary  alteration  in  renal  hemodynamics  In  acute 

•anal  failure  has  been  demonstrated.  A  direct  influence  of  potassium  on  renal  renin 
ontenc  has  been  found.  Cyclic  3’5'  .VIP  stimulates  fluid  reahsorntlon  in  rhe  isolated 
■aroused  proiiim.ii  tubule  of  the  rabbit,  for  technical  reports  ,  see  Walter  ner«'  Ar-v 

Program  Report,  1  Jul  70  -  tf>  Jun  71. 
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Project  3A061102B71R  RESEARCH  IN  BIOMEDICAL  SCIENCES 
Task  02,  Internal  Medicine 

Work  Unit  089,  Body  fluid  and  solute  Ad  renal  homeostasis 
Investigators: 

Principal:  LTC  William  J.  Cirksena,  MC;  MAJ  James  H. 

Knepshield,  MC 

Associates:  MAJ  Charles  B.  Carter,  MC;  LTC  Jordan  J.  Cohen,  MC; 

MAJ  Andrew  Saladlno,  MC;  MAJ  Charles  Wallas,  MC; 

MAJ  Vincent  Dennis,  MC;  John  A.  Gagnon,  Natalie 
Lawson,  James  McNeil.,  Aioy  Lee,  Martha  Huddleston 
Ad  Doug  Grove 

Description:  Studies  are  directed  ac  investigation  of  mechanisms 
for  maintaining  body  fluid,  electrolyte  and  hemodynamic  homeostaals  or 
their  correction  in  response  to  disease,  injury  Ad  environmental 
stress  of  military  slgnlflCAce,  including  shock,  heat  stress,  infec¬ 
tious  disease,  gastrointestinal  disorders,  Ad  renal  failure.  A 
variety  of  methods  have  been  developed  Ad  utilized,  including 
externally  monitored  Isotope  techniques,  Isotope  dilution,  experi¬ 
mental  models  of  acute  renal  failure  Ad  shock,  in  vivo  renal 
micropuncture,  in  vitro  microperfusion,  membrAe  transport,  dialysis 
systems,  llgjht  Ad  electron  microscopy.  Ad  iaanmopathology.  The 
role  of  adaptive  homeostatic  me ch Alans ,  including  renal  Ad  extra- 
renal  mechAians ,  whereby  body  fluid  Ad  solute  balance  is  achieved 
Ad  maintained  in  the  face  of  stress  has  been  emphasised  in  order 
to  provide  a  rational  basis  Ad  develop  improved  methods  for  pre¬ 
vention  Ad  treatment  of  altered  fluid,  electrolyte  Ad  hemodynamic 
states  Ad  acute  Ad  chronic  renal  failure  Induced  by  these  stresses. 

Progress : 

1.  Renal  Solute  Ad  Water  HAdling: 

a.  The  relationship  of  volune  expansion  per  se  to  alterations  in 
renal  sodium  excretion  Ad  proximal  tubule  sodium  rejection  was 
studied  in  dogs  using  micropuncture  sathods.  Volune  expansion  wit 
produced  by  using  normal  saline,  homologous  plasma  or  homolgoue  blood. 
Renal  perfusion  pressure  was  kept  const  At  so  that  only  alterations  in 
blood  hematocrit  Ad/or  plasma  concentration  In  association  with  volume 


were  studied.  Results  indicate  that  proximal  tubule  sodium  reabsorption 
is  decreased  when  voluae  expansion  is  associated  with  a  decrease  in 
hematocrit  or  a  decrease  in  hematocrit  and  plasma  protein  concentration. 
When  these  changes  are  avoided  by  expansion  with  homolgous  whole  blood, 
no  change  in  proximal  sodium  reabsorption  was  observed  early  after 
infusion  (1,2).  A  late  effect  of  volume  expansion  per  ae,  consistent 
with  formation  and  release  of  a  circulating  humoral  substance  affecting 
late  proximal  tubules  could  not  be  ruled  out;  current  studies  will 
compare  early  and  late  effects  of  blood  expansion  without  change  in 
physical  composition  of  the  blood.  Further  studies  will  investigate 
the  effects  of  volume  contraction  without  alteration  in  renal  perfu*- 
slon  pressure  on  proximal  sodium  reabosrption.. 

b.  The  concentrating  ability  related  to  renal  morphology  of  wide 
variety  of  primates  was  evaluated  in  order  to  determine  the  structural 
requirements  vital  to  formation  of  a  concentrated  urine.  Results 
indicate  that  in  these  species,  unlike  man,  a  direct  relationship 
between  concentrating  ability  and  length  of  the  renal  medulla  does  not 
exist  and  that  factors  other  than  overall  length  of  the  loop  of  Henle 
must  be  important  in  the  attainment  of  a  concentrated  urine  in  these 
animals  (3).  A  few  more  species  remain  to  be  studied. 

c.  A  study  of  dogs  has  been  completed  directed  at  defining  the 
mechanism(s)  responsible  for  the  pharmacologic  effect  of  propranolol 
on  sodium  metabolism  noted  in  human  subjects.  Findings  suggest  that 
effects  of  propranolol  on  renal  hemodynamics  and  sodium  excretion 
are  not  attributable  to  an  intrarenal  effect,  but  are  likely  mediated 
by  effects  of  the  drug  on  cardiac  output  and  total  peripheral 
resistance  (4). 

d.  Using  the  fully  operational  techniques  of  perfusing  isolated 
segments  of  rabbit  nephrons,  the  physiologic  and  toxic  factors 
influencing  the  reabsorption  of  salt  and  water  by  the  proximal  tubule 
are  being  determined  with  current  activity  centered  on  the  observed 
stimulation  of  fluid  transport  by  cyclic  3' 5 '-adenosine  monophosphate, 
a  major  intermediary  of  cellular  metabolic  and  hormonally  regulated 
processes . 

2 *  Acute  Renal  Failure: 

a.  Studies  directed  st  pathogenesis  snd  prevention  of  scute  renal 
failure  In  an  experimental  animal  model  have  allowed  postulation  of 
certain  mechanisms  for  its  development.  Clearance  and  micropuncture 
studies  in  the  methemoglobln-farroeyanide  model  of  acute  renal  failure 
in  the  rat  have  yielded  evidence  favoring  an  earlv  renal  vascular  event 


consisting  of  afferent  arteriolar  constriction  and  relative  efferent 
arteriolar  dilatation  as  the  central  alteration  leading  to  oliguria 
and  azoteala.  Studies  using  B2  microglobulin  have  supported  such 
interpretation  and  further  suggest  an  absence  of  any  significant 
obstructive  element  early  in  the  course  of  development  of  the  lesion. 
Studies  wherein  lissamine  green  dye  is  inject#"1  in  tubule  luadna  offer 
strong  evidence  against  an  increase  iji  passive  back  diffusion. 

Micropuncture  studies  utilizing  Intratubule  pressure  measurements  and 
intravenous  lissamine  green  dye  infusion  suggest  the  transepithelial 
movement  of  fluid  (and  solute)  in  a  direction  from  lnterstltium 
toward  lumen  early  in  the  course  of  the  lesion.  Such  vascular 
alterations  and  pressure  relationships  would  explain  the  consistent 
finding  of  tubule  dilatation  in  this  lesion  in  the  presence  of  docu¬ 
mented  oliguria,  azotemia,  and  low  intratubular  pressure.  Further 
studies  will  require  new  and  Improved  methods  in  order  to  1)  discern 
the  critical  stimulus  for  the  initial  vascular  alteration  2)  confirm 
the  suspected  pressure  gradient  relationship  between  lumen  and 
interstitium. 

Further  evaluation  of  the  possible  role  of  renin  release  in  initiating 
the  vascular  response  will  be  possible  only  through  contract  with  the 
laboratory  of  Dr.  K.  Thurau  (University  of  Munich)  which  has  been 
proposed  as  a  joint  protocol  study  under  DA  contract.  Such  studies 
would  allow  assessment  of  Individual  nephron  renin  release  and  vascular 
response  in  shock  and  acute  renal  failure,  and  are  strongly  urged  as 
the  single  most  important  avenue  of  edentlflc  exploration  from  the 
standpoint  of  military  significance  in  this  area  of  hemodynamic  homeo¬ 
static  mechanic as . 

hew  methods  ere  being  developed  for  pressure  measurements  which  should 
allow  confirmation  and  denial  of  proposed  intrerenal  pressure  relation¬ 
ships  which  may  bs  intimately  tied  to  pathogenesis  and  prevention  of 
this  lesioc.  Results  of  these  studies  to  date  have  been  presented  to 
an  intamatlonal  symposium  on  acute  renal  failure  and  has  been  published 
in  book  form  (5). 

b.  Few  investigations  of  the  renal  morphologic  changes  in  ARI  have 
been  perforaed  (6-10)  and  in  these  studies  the  techniques  of  collection 
and  preservation  of  material  may  themselves  have  produced  alterations 
in  renal  norphology.  A  recant  study  in  Vietnam  combat  casualties  wee 
designed  to  obviate  these  arti factual  changes  and  nas  been  completed 
in  patients  both  in  the  oligutie  end  diuretic  phases  of  ARI  (11).  Li^tt 
microscopy  raveeled  collapse  of  a  Urge  number  of  proximal  tubule  lumlne 
and  mild  to  moderate  dilatation  of  distal  tubules,  with  focal  degeneration 


of  tubule  cells.  Hyaline  or  pigmented  casts  were  often  contained  In 
the  distal  tubule.  Glomeruli  appeared  normal,  but  dilatation  of 
peritubular  vasculature  was  present.  Interstitial  changes,  although 
occasionally  present,  were  not  prominent.  These  changes  consisted  of 
mild  to  moderate  interstitial  edema  and  round  cell  infiltratin''. 
Communications  between  distal  tubules  and  peritubular  capillaries 
were  seen.  Electronmicroscopy  confirmed  light  microscopic  findings 
and  in  addition  showed  normal  proximal  and  distal  tubules  except 
for  a  cell  or  cluster  of  cells  undergoing  degeneration.  Casts 
varied  from  homogeneous  material  to  cellular  debris.  Tubule 
basement  membranes  were  preserved.  Glomerular  changes  were 
minimal  and  nonspecific.  The  only  distinguishing  feature  between 
the  oliguric  and  diuretic  phases  of  AK1  in  these  patients  was  the 
finding  of  distal  tubule  cellular  regeneration  in  the  diuretic  phase. 

This  study  thus  demonstrated  that  the  renal  cellular  morphology  does 
not  reflect  the  severity  of  functional  impairment  in  ARI. 

c.  The  effect  of  heat  stress  and  exercise  on  renal  hemodynamics, 
distal  tubular  function  (as  estimated  by  urinary  concentrating  ability), 
urinary  protein,  cellular  and  cast  excretion,  body  temperature,  blood 
fibrinogen,  and  serum  uric  acid  levels  was  studied  In  military  recruits 
during  8uaner  training  in  an  attempt  to  define  the  cause  of  acute 
renal  failure  in  heat  stress  injuries.  The  high  prevalence  of  dehy¬ 
dration  and  maximally  concentrated  urine  in  these  recruits  provide 

the  most  likely  explanations  for  the  summer  occurrence  of  tills  fora 
of  acute  renal  failure.  In  the  face  of  these  predisposing  factors 
any  added  insult  of  hypotension  or  myoglobinuria,  or  both,  may 
precipitate  acute  oliguric  renal  failure.  The  i reproved  systemic  and 
renal  hemodynamic  responses  to  exercise,  as  well  as  the  lower  blood 
concentrations  of  fibrinogen,  provide  a  possible  explanation  for  the 
lower  occurrence  of  acute  renal  failure  in  the  later  phases  of  basic 
training.  This  pathogenetic  schema  is  obviously  Inferential  and 
speculative  but  nevertheless  provides  a  framework  for  considering 
such  a  potentially  mult if act oriel  problem.  Additional  studies  are  certainly 
necessary,  and  the  well-defined  physical  and  environmental  stress  of 
the  recruit  undergoing  summer  basic  training  provides  a  unique  opportunity 
for  such  investigations  (12). 

d,  A  prospective  study  was  conducted  to  evaluate  the  incidence  and 
pathogenesis  of  rhabdomyolyois  and  renal  failure  in  military  recruits 
undergoing  basic  training.  Within  a  two*year  period,  thirty-seven 
patients  who  developed  severe  reuse le  pain  with  laboratory  evidence  of 
muscle  breakdown  end  dark  urine  during  the  first  week  of  basic  training 


ware  evaluated.  .  Rata  obtained  »o  far  suggests  that  this  entity  occurs 
year  roved  with  a  higher  incidence  during  hot,  hunid  weather.  Poor 
physical  conditioning,  dehydration,  electrolyte  depletion  mC 
inadequate  acclimatisation  are  commonly  associated  conditions? 
Continued  muscle  breakdown  as  evidenced  by  elevated  serum  nuscle 
enzymes  has been  noted.  Acute  renal  failure  is  probably  caused  by 
a  combination  of  dehydration  with  hypotension,  myoglobinuria,  hypo¬ 
kalemia  and/or  other  unrecognized  factors.  . 

-  e.  The  pathogenesis  of  acute  renal  failure  has  berr  Investigated 
in  die  rat,-  using  glycerol  induced  myohenoglobinutia,  and  dog,  using 
parenteral  uraniun  trinitrate  (13,14).  Kenal  renin  depletion  by 
chronic  saline  loading  prevents  the  development  of  acute  renal 
failure  in  both  models.  Repression  of  peripheral  renin  activity 
by  renin  immunization  in  the  rat  c<jes  not  diminish  renal  renin  content 
and  is  not  associated  vlth  prevention  of  acute,  renal  failure.  Methods 
of  functional. inactivation -of  renal  renin  synthesis  are  being  evaluated 
for  their  possible  role  in' treating  acute  reual  insufficiency^ 


f.  A  scientific  exhibit  which  Included  a  movie  entitled,  “Acute 
Ifehal  Insufficiency  la  Viet  Han"  was  completed  and  shown  at  the 
Actual  Convention  of  Jueei lean  College  of  Physicians  in  1971  and 
is  being  presented  at  the  Arvricnn  Medical  Association  Convention  in 
June' li71  (15).  ; 


g.  Bedewed  interest  in  the  prevention  ard  management  of  falciparum 
malaria  has  developed  since  the  deployment  or  large  mnhers  of  U..  S. 
military  md  civilian  personnel  in  Southeast  Asia.  Mai  aria  now 
represents  the  most  significant  cause  cv!  medical  disability  in  this 
population.  The  high  attack  rate  of  falclparoj  malaria  in  Viet  Nan 
has  enabled  us  to  collect  the  largest. known  series  of  cases  of  acute 
renal  insufficiency  secondary  this  infection.  During  the  four  years 
between  July  1965  and  June  1969,  forty  patients  with  acute  *enal 
insufficiency  due  tc  falciparum  malaria  were  cared:  for  in  threa 
dialysis  centers  in  the  Asian  War  Theater..  The  pathogenesis,- clinical 
features  and  management  of  these  cases  were  reviewed.  In  addition  two 
cases  from  the  civilian  community  in  the  United  States  were  studied. 
Twelve  (29%)  died,  usually  of  respiratory  failure  ur  cerebral  malaria. 
Delays  In  diagnosis  and  treatment  were  frequent  in  fitcl  cases.  The 
establishment  of  a  dialysis  unit  in  Viet  Han  ar-d  the  development  of 
an  acceptable  diemotherspeyf ic  regimen  decreased  the  initial  mortality 
of  50%  to  the  present  142.  The  two  patients  iros  the  civilian 
community  died  because  of  an.  inordinate  delcy  in  establishing  the 
diagnosis  of  falciparum  malaria  . 


h.  The  use  of  potentially  nephrotoxic  drugs,  particularly  anti¬ 
biotics,  in  the  post-surgicul  patient  increases  the  risk  of  developing 
acute  renal  insufficiency  with  its  excessive  morbidity  and  mortality. 

In  1970  the  Renal-Dialysis  Service,  Walter  Reed  General  Hospital, 
treated  eleven  surgical  patients  with  ARI  requiring  hemodialysis .  In 
five  patients  (45%)  the  ARI  followed  the  administration  of  nephrotoxic 
antibiotics  during  the  perioperative  -period.  These  drugs  included 
streptomycin,  gentomycin,  and  kanamycin.  In  every  instance  the  dosage 
of  antibioticr  was  excessive  for  the  existing  state  of  renal  function. 
Complications  occurring  after  the  development  of  ARI  were  uremia, 
sepsis,  coagulation  disorders,  congestive  heart  failure,  pericarditis, 
gastrointestinal  bleeding,  pulmonary  embolism,  decubitus  ulcers, 
and  nerve  palsy.  Despite  the  excessive  morbidity,  no  deaths  occured  in 
this  group.  The  average  hospital  stay  was  83  days.  Hemodialysis  alone 
for  this  small  number  of  patients  cost  in  excess  of  $25,000.  In 
conclusion,  potentially  nephrotoxic  drugs  should  be  employed  only 
when  necessary  and  in  appropriate  dosage.  This  retrospective  study 
was  presented  io  a  major  military  surgeons  meeting  by  the  WRA1R 
Nephrology  staff. 

3 .  Acid-Base Homeostasis : 

a.  Studies  were  performed  in  Rhesus  monkeys  which  determined  the 
effect  on  chloride  and  extracellular  acid-base  parameters  of  selective 
potassium  depletion.  Previous  work  in  dogs,  however,  suggest  that 
chemical  potassium  depletion  does  not  produce  chloride  resistant 
metabolic  alkalosis.  Clinical  observations  suggest  that  chronic 
potassium  depletion  does  promote  metabolic  alkalosis  in  humans  which 

is  resistant  to  correction  by  the  administration  of  chloride.  Results 
of  lorg  term  balance  in  four  Rhesus  monkeys  support  the  contention  that 
severe  potassium  depletion  does  initiate  a  sustained  metabolic  alkalosis 
in  the  face  of  adequate  chloride  intake. 

b.  Two  chapters  were  prepared  for  a  new  Textbook  of  Medicine  to  be 
published  by  Grune  and  Stratton.  The  chapters  were  entitled  "Physiology 
and  Disorders  of  Hydrogen  Ion  Me;:abolism"  and  "Physiology  and  Disorders 
of  Potassium  Metabolism." 

c.  In  addition,  a  section  in  Current  Therapy,  1971,  was  prepared 
entitled  "The  Management  of  Electrolyte  Disturbances  in  the  Adult"  (16 ) • 


4 .  Renal-Hemodynamic  Studies : 


a.  An  isolated  perfused  dog  kidney  has  bean  developed  for  the 
purpose  of  studying  a  number  of  problems  of  particular  Interest  to  the 
Department  of  Nephrology. 

Using  dlfibrinated  blood,  to  which  is  added  various  exogenous 
substrates,  normal  to  supranormal  blood  flows  aie  readily  attained  and 
maintained  for  periods  of  four  or  more  hours .  Low  normal  GFR  values 
are  achieved  during  the  first  two  hours  then  gradually  decline  during 
the  subsequent  two  hours  to  approximately  502  of  control.  Addition 
of  a  non -ionic  emulsifier  (Pluronic  F68)  to  the  perfusate  has  tended 
to  Increase  GFR  and  maintain  it  at  higher  levels  for  a  period  of 
four  hours.  Presumably  this  emulsifier  prevents  or  lessens  glomerular 
microenbollzation  which  it.  known  to  occur  during  extracorporeal 
circulation.  In  spite  of  the  addition  of  substrates,  aldosterone  and 
vasopressin,  osmotic  U/P  ratios  rapidly  decline  after  the  first  hour 
to  below  unity.  Infusion  of  norepinephrine  (102  mg/mln)  has  prevented 
this  ratio  from  falling  below  one  (essentially  isothermic)  for  up  to 
four  hours.  More  than  992  of  the  filtered  Naf  load  is  usually 
reabsorbed  during  the  first  three  hours,  falling  to  91  or  982  by 
the  fourth  hour.  Arterial  pCO^  is  maintained  at  approximately  28-32 
mmHg;  arterial  blood  pH  ranges  from  7.30  -  7.50.  The  energy  cost  of 
Na+  reabsorption  in  this  isolated  preparation  is  close  to  normal,  1  urn 
02  being  utilized  for  each  23  uEq  Na+  reabsorbed.  Occasionally,  a  small 
amount  of  glucose  appears  in  the  urine  during  the  third  or  fourth  hour. 

In  the  study  designed  to  examine  the  role  of  the  renin-angiotensin 
system  on  renal  hemodynamics  and  tubular  function,  plasma  renin  activity 
(PRA)  was  found  to  increase  while  renin  substrate  (angiotensin)  usually 
declines  over  a  period  of  several  hours.  Continuous  administration  of 
renin  substrate  does  not  alter  hemodynamic  or  tubular  function. 
Preliminary  results  also  shw  a  four-fold  increase  in  angiotensin  I 
suggesting  depletion  of  converting  enzyme.  Studies  are  presently  in 
progress  to  determine  whether  the  addition  of  converting  enzyme  to  the 
system  will  increase  the  plasma  level  of  angiotensin  II  (reducing 
angiotensin  I)  thereby  altering  hemodynamic  or  tubular  functions.  The 
effect  of  catechalamines  on  PRA,  in  this  denervated  kidney  preparation 
will  also  be  examined. 


b.  Control  data  have  been  collected  on  the  normal  dog  kidney 
through  as  long  as  six  hours  of  in  vitro  perfusion.  These  data  have 
indicated  that  although  there  is  a  slew  diuresis  in  the  absorption 
of  sodium  and  a  gradual  loss  of  the  ability  to  concentrate  after 

four  hours  there  is  no  morphological  evidence  of  cellular  degeneration. 
Preliminary  studies  have  begun  on  the  effects  of  anoxia  in  this  system. 
After  three  hours  of  low  blood  Oj  saturation  there  is  a  shuntage  of 
proximal  tubular  epithelium  which  correlate  with  a  losb  in  the 
capacity  to  absorb  sodium.  Again  evidence  of  frank  necrosis  is 
surprisingly  lacking  indicating  a  high  degree  of  resistance  to  lechal 
injury  secondary  to  inhibition  of  oxidative  phosphorylation. 

c.  Renal  hemodynamics  have  been  evaluated  using  radioxenon 
washout  and  radioactive  microspheres.  Using  these  techniques, 
the  pattern  of  renal  blood  flow  and  intrarenal  distribution  has 
been  characterized.  In  a  model  of  reproducible  experimental 
acute  renal  failure  in  the  dog,  we  have  characterized  the  renal 
hemodynamics.  Results  indicate  a  primary  alteration  in  blood 
flow  in  acute  renal  failure.  Studies  of  vasoactive  compounds 
capable  of  treating  acute  renal  failure  by  normalizing  renal 
hemodynamics  are  planned. 

5.  Cellular  Transport: 

a.  The  cerebrovascular  response  to  malarial  infection  in  the 
Syrian  hamster  has  been  studied.  The  brains  of  18  infected  hamsters 
have  been  reviewed  by  light  and  electron  microscopy  similarities  and 
differences  between  the  hamster  and  the  human  lesion  have  been 
delineated.  Both  lesions  have  the  same  fusiform  to  spherical  shape 
and  distribution  in  the  cortical  white  matter.  The  human  lesion  is 
characterized  by  more  thrombosis  and  the  presence  of  clear  perivascular 
areas.  Thrombosis  in  the  hamster  is  infrequent  and  perivascular  clear 
areas  are  absent.  The  hamster  lesion  is  characterized  by  the  presence 
of  numerous  circulating  mononuclear  cells  many  of  which  became  adherent 
to  endotehllal  walls.  Granular  leukocytes  do  not  partiepate  in  the 
development  of  the  hamster  lesion,  there  is  no  evidence  of  necrosis 
and  only  moderate  glial  reaction.  The  findings  are  compatible  with  the 
pressure-extrusion  hypothesis  of  development  of  the  perivascular 
hemorrhages,  and  suggest  a  difference  between  the  anatomical  location 
of  the  blood  brain  barrier  in  humans  and  hamster.  These  findings  were 
presented  at  the  annual  meeting  of  the  American  Association  of  Patholo¬ 
gists  and  Bacteriologists  (17).  At  present,  the  effects  of  immuno¬ 
suppressive  agents  on  the  hamster  lesion  are  being  considered  for 
study,  to  determine  the  relationship  between  antibodies  and  both 
endothelial  adherence  and  increased  capillary  permeability. 


b.  Studies  have  been  performed  evaluating  the  effects  of  uremia 
on  erythrocyte  metabolism.  Measurements  have  been  made  of  substrate 

levels,  rates  of  lactate  production,  enzyme  activity  and  kinetics 
in  erythrocyte  from  patients  with  chronic  renal  disease  and  compared 
to  control  cells.  Results  have  shown  that  the  erythrocytes  from 
patients  with  chronic  renal  disease  4re  hype metabolic  with  respect  to 
lactate  production.  Enzyme  activities  of  hexokinase,  phosphofructo- 
klnase  and  pyruvic  kinase  are  measured  and  found  to  be  consistently 
elevated  in  the  uremic  erythrocytes.  Kinetic  studies  have  revealed 
that  only  the  Vmax  but  not  the  Km  were  increased  for  these  enzymes 
in  the  uremic  cells.  Levels  of  2-3  diphosphogly ceric  acid  and  ATP 
were  elevated  in  the  erythrocytes  from  patients  with  renal  disease. 

These  studies  suggest  that  the  average  age  of  the  erythrocyte  is 
younger  than  would  be  expected  in  a  control  population  and  radio¬ 
active  chromium  and  iron  studies  are  currently  underway  to  evaluate 
this  as  a  possible  explanation  for  the  biochemical  data. 

6.  Chronic  Renal  Disease; 

a.  The  efficacy  of  protein  restriction  in  patients  with  impaired 
renal  function  (creatinine  clearance  5-15  ce/min.)  is  well  known. 

However,  when  patients  require  hemodialysis  for  maintenance,  the 
proper  amount  of  protein  required  is  less  clear.  Using  nitrogen 
balance  techniques,  three  diets,  0.75  g,  1.0  g  and  1.25  g  protein  per 
kg  of  body  weight  were  evaluated  on  patients  undergoing  three  times 
weekly  hemodialysis  with  the  twin  coil  artificial  kidney.  Results 
to  date  show  that  1.25  g  of  protein/kg  of  body  weight  is  the  optimum 
amount  of  protein  producing  positive  nitrogen  balance  without  signi¬ 
ficant  increases  in  uremic  symptoms  and  predialysis  chemistries. 


b.  Clinical  records  and  renal  biopsy  findings  by  light,  electron, 
and  fluorescent  microscopy  from  -twenty-six  patients  with  so-called 
"benign"  or  "idiopathic  recurrent  hematuria"  have  been  reviewed.  Fifteen 
of  these  patients  had  electron  microscopic  evaluations  of  their  renal 
biopsies  and  three  ha<i  fluorescence  microscopic  evaluations. 


This  study  was  performed  to  observe  if  significant  pathology  would 
be  demonstrable  in  these  patients  glomeruli  and  if  any  further 
Information  as  to  etiology  of  this  disorder  could  be  obtainable  from 
these  renal  specimens  examined  by  fluorescence  and  electron  micro-* 
scopy.  Preliminary  findings  indicate  that  renal  morphologic  changes 
were  most  often  not  present  or  of  a  focal,  non-specific  nature  by 
light  microscopy.  However,  in  a  small  percentage  of  patients 
moderately  severe  or  significant  renal  lesions  were  present  by 
light  microscopy.  Electron  microscopy  and  fluorescent  microscopy 
did  not  provide  evidence  for  an  etiology  of  this  syndrome. 

7.  Dialysis ; 

a.  Experimental  evalt<atlon  of  various  oils  for  use  in 
lipid  dialysis  of  pentobarbital  was  performed.  The  lipid:we.ter 
partition  coefficient  for  corn  oil  was  established  to  be  5.5. 

With  the  cellophane  membrane,  it  was  5.6.  These  studies  indicate 
that  the  lipid:water  partition  coefficient  for  pentobarbital  was 
far  less  than  the  usual  cited  value  of  39  and  that  a  cellophane 
membrane  is  not  a  barrier  to  diffusion  of  pentobarbital.  Further 
studies  comparing  aqueous  and  lipid  dialysis  of  pentobarbital  and 
gl. themide  showed  no  advantage  for  the  use  of  lipid  dialysis  (18). 

b.  111  vivo  and  in  vitro  clearance  measurements  were  performed 
to  study  the  efficacy  of  plasma  hemodialysis  utilizing  the  Cell 
Separator  and  a  Twin-Coil  Artificial  Kidney.  Plasma  dialysis  showed 

a  markedly  increased  ultrafiltration  rate  but  no  increased  dialysance 
when  compared  to  standard  hemodialysis.  Methods  to  improve  dialysance 
ate  being  sought. 

c.  Several  patients  with  uremia  complicated  by  glucose  dysmetabo- 
lism  were  studied  in  an  attempt  to  elicit  the  cause  of  their  altered 
glucose  metabolism.  The  data  accumulated  to  date  suggests  that  the 
type  of  circulating  insulin  in  these  individuals  may  be  ineffective 
in  promoting  glucose  transport  across  the  cell  membrane.  Intensive 
dialysis  reverses  this  metabolic  abnormality. 

8.  Immunopathology ; 

a.  The  effect  of  splenectomy  upon  suppression  of  tetanus  antitoxin 
production  Induced  by  methylprednisolone ,  chlorambucil,  azathioprine 
and  radiation  was  evaluated.  Splenectomy  was  found  to  potentiate 

the  immunosuppressive  agents  listed. 


b.  Allograft  rejection  and  humoral  antibody  production  In 
Intact  and  splenectomlzed  mice  wa a  evaluated.  Immunosuppressive 
agents  administered  in  combinations  suppressed  antibody  synthesis 
and  prolonged  allograft  survival  in  similar  proportions  of  intact 
and  splenectomlzed  mice;  depression  of  the  two  immune  responses 
being  positively  correlated  In  individual  mice. 

c.  Effect  of  high  dose  combination  immunosuppressive  agents 
upon  the  progression  of  murine  lupus  of  NZB/W  mice  was  evaluated. 
Proteinuria,  anti-DNA  antibody  levels,  and  renal  involvement  were 
significantly  less  in  single-agent-treated  vs  controls,  double- 
agent-treated  vs  single-agent-treated,  and  trlple-agent-treated  vs 
double-agent -treated  NZB/W  mice;  however,  toxic  deaths  were 
significantly  more  numerous  in  triple-agent-treated  mice. 

d.  Effect  of  low-dose  combination  immunosuppressive  agents 
upon  progression  of  murine  lupus  of  NZB/W  mice  is  beinj,  evaluated. 

In  this  study,  toxicity  has  been  averted  and  at  7  months  (after  2 
months  of  treatment)  all  controls  (untreated)  have  proteinuria; 
however,  60Z  of  single -treated,  47Z  of  double-treated  and  30%  of 
triple-treated  mice  have  proteinuria.  These  mice  will  be  followed 
for  survival. 

e.  The  brains  of  NZB/W  mice  after  2  months  of  treatment  with 
none,  one,  two  or  three  Immunosuppressive  agents  are  being  examined 
to  evaluate  the  degree  of  Immune  complex  deposition  in  the  choroid 
plexes . 

f.  Young  and  old  control  Swiss  or  DBA/2N  mice  demonstrate 
prolongation  of  skin  allograft  survival  after  splenectomy.  Young 
NZB/W  (1  month  old)  mice  also  demonstrate  prolonged  graft  survival, 
however,  8  month  old  NZB/W  mice  (after  the  development  of  murine 
lupus)  were  found  no  longer  to  demonstrate  skin  graft  prolongation 
after  splenectomy.  The  basis  of  this  effect  is  being  investigated 
by  repopulation  of  old  NZB/W  mice  with  spleen  cells  from  young 
NAB/W  mice. 

g.  The  sera  from  patients  with  renal  cortical  necrosis  (RCN) 
were  collected  and  examined  for  cytotoxic  antibodies.  Anti-platelet 
antibodies  were  demonstrated  by  a  Factor  III  liberation  technique 

in  9  of  1!  sera  from  patients  with  RCN,  and  0  of  9  matched  control 
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Research  (hiring  the  reporting  period  has  focused  on  four  relatively 
distinct  areas  of  concern:  (ly  The  development  and  utilization  of 
laboratory  models  ofs  tress  and  psychosomatic  disuse;  {2)  Applica¬ 
tion  of  behavioral  technology  to  problems  in  militory  medicine,  espe¬ 
cially  military  psychiatry;  (3)  Evaluation  of  the  behavioral  toxic¬ 
ity  of  non- therapeutic  drug  use  with  objective  laboratory  models; 

(4)  Biological  effects  of  microwave  exposures. 

LABORATORY  NgDBLS  OF  STRESS  AW?  PSYCHOSOMATIC  DISEASE.  _ 

Systematic  environmental  perturbations  have  been  shown  to  produce  dis- 
r»iptions  of  on-going  behavior  as  well  as  changes  in  patterns  of  vis-  - 
ceral  function.  With  repeated  exposure  to  environmental  perturbations, 
these  disruptions  of  both  behavior  and  physiology  can  be  elicited  by 
more  subtee  components  of  the  original  eliciting  events  and  may  repre¬ 
sent  the  kinds  of  changes  which  take  place  early  in  the  etiology  of, 
pathological  responses  to  stress  as  well  as  psychosomatic  disorders." 

The  military  envircimiertt.a^  necessity,  presents  the  organism  with  the 
kinds  of  environmental  contingencies  which  can  lead  to  the  relatively 
permanent  behavioral  aisd'visceral  changes  representative  of  those  in¬ 
volved  in  psychiatric  decompensation  and  psychosomatic  disorders,  The 
studies  reported  in  this  section  are  directed  at  identifying  classes  of 
relevant  variables  and  developing  treatment  models  that  can  capitalize 
on  the  same  behavioral  principles  responsible  for  the  disorder. 

Concomitant  modifications  of  cardiovascular  variables  and  behavior. 
Several  experiments  directed  at  the  effect  cf  environmental  manipula- 
tions,  known  to  produce  perturbations  in  on-going  behavior,  on  cardio¬ 
vascular  dynamics  are  in  progress.  Primates  have  been  instrumented 
for  continuous  long-term  monitoring  cf  arterial  blood  pressure  and 
heart  rate.  Pavlovian  concitioning  procedures  nave  been  used  to  elicit 
cardiovascular  changes.  Because  the  Pavlovian  conditioning  has  been 
superimposed  upon  cn-going  operant  performance  it  has  been  possible  to 
simultaneously  identify  Doth  disruptions  in  behavior  and  perturbations 
tn  cardiovascular  dynamics.  Reliable  changes  in  arterial  blood  pressure 
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up  to  40  mm  Hg  as  well  as  20-30  BPM  changes  in  heart  rate  have  been  pro¬ 
duced  by  conditioning  procedures  alone.  By  manipulating  the  character 
of  the  on-going  behavior,  that  is,  the  behavioral  context  in  which  the 
cardiovascular  changes  are  elicited,  it  has  been  possible  to  modify  the 
outcome  of  the  cardiovascular  conditioning.  It  has'  been  possible  to  ob¬ 
tain  increases  and  decreases  in  arterial  blood  pressure,  both  with  and 
without  changes  in  heart  rate,  simp-ly  by  changing  the  on-going  behav¬ 
ioral  context.  These  data  point  up  the  complexity  of  tne  visceral 
changes  that  accompany  overt  behavior  and  represent  an  initial  step  to¬ 
ward  an  objective  analysis  of  the  interaction  between  these  two  broad 
classes  of  events. 

Omission  of  reward  as  a  frustrative  stress.  Laboratory  models  of  stress 
have  produced  advances  in  understanding  the  neuronal  and  hormonal  mech¬ 
anisms  at  work  in  the  indi vidua ’under  stress.  Most  of  these  models 
have  employed  such  potent  stressors  as  fatigue,  cold,  heat,  or  electric 
shock.  While  none  of  these  are  without  psychological  consequences,  other 
forms  of  stress,  more  psychological  in  nature,  have  seldom  been  employed 
with  a  view  toward  characterizing  their  physiological  consequences  for 
the  organism.  One  such  stressor,  frustration,  operationally  defined  as 
the  omission  of  an  expected  reward,  is  being  studied.  The  model  being 
used  requires  that  subjects  be  trained  on  schedules  of  reinforcement 
which  lead  the  organism  to  behaviorally  anticipate  the  delivery  of  reward 
and  then  to  omit  the  expected  reward.  The  lesion  method  has  been  used 
to  document  differences  in  the  neuronal  systems  mediating  the  behavioral 
changes  which  take  place  in  response  to  this  frustrative  stress.  As  with 
other  stressors,  the  limbic  system  is  involved  in  mediating  such  re¬ 
sponses;  however,  it  has  been  demonstrated  that  this  more  psychological 
stress  is  not  handled  by  the  central  nervous  system  in  the  same  way  as 
are  the  more  physiological  stressors.  These  data  appear  to  suggest  that 
therapeutic  measures  designed  for  coping  with  stress-related  behavioral 
phenomena  may  not  be  universally  effective  for  all  forms  of  stress.  It 
may  be  necessary  to  consider  the  nature  of  the  stressor  as  well  as  the 
overt  symptoms  of  stress-related  behavior  disorders  before  prescribing 
courses  of  treatment  involving  drugs  with  CNS  effects. 

APPLICATION  OF  BEHAVIORAL  TECHNOLOGY  TO  PROBLEMS  IN  MILITARY  MEDICINE 
AND  PSVCHIATW: 

The  behavioral  technology  Heveloped  within  the  framework  of  the  work 
unit  has  been  applied  to  several  problems  of  military  medicine  and 
psychiatry. 

Effects  of  transmeridian  air-deployment  upon  the  performance  of  military 
personnel .  A’  study  is  underway  to  confirm  pilot  data  indicating  that 
air  deployment  of  personnel  across  long  distances  in  an  East-West  direc¬ 
tion  produces  psychological  and  physiological  changes,  known  as  trans¬ 
meridian  desynchronization.  These  changes  result  in  temporary  perfor- 
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mance  decrements  in  tasks  requiring  sustained  attention.  Pilot  data  are 
now  being  collected  from  human  subjects  following  direct  flights  from 
Washington,  D.C.,  to  Thailand  and  Japan  and  return.  Initial  plans  call 
for  selected  WRAIR  personnel ,  already  required  to  travel  long  distances 
to  complete  assigned  missions,  to  also  serve  as  volunteer  subjects  In 
the  study.  Portable  laboratory  equipment  has  been  developed  for  this 
purpose.  Although  the  study  has  relevance  to  the  performance  of  all 
military  personnel  after  geographical  relocation,  assessment  of  perfor¬ 
mance  decrements  in  medical  personnel  (e.g.  surgeons)  Is  of  special 
interest.  The  potential  relevance  of  these  data  to  the  geographical 
relocation  of  patients  is  also  being  evaluated. 

The  effects  of  behavioral  stress  upon  the  morphology  of  the  autonomic 
nervous  system  of~  non-human  primates.  Following  completion  of  a  study 
that  demonstrated  changes  i n  the  morphol ogy  of  the  autonomic  nervous 
system  of  rats  as  a  result  of  exposure  to  an  acute  stress  procedure,  an 
attempt  was  made  to  identify  similar  changes  in  non-human  primates. 

Rhesus  monkeys  have  been  exposed  to  72-hour  avoidance  and  sacrificed 
following  administration  of  radioactive-labelled  thymidine.  The  data 
on  the  first  two  groups  of  animals  indicate  that  acute  stress  does 
modify  the  structure  of  the  autonomic  nervous  system  and  that  the  effect 
is  most  pronounced  in  those  animals  required  to  emit  responses  to  avoid 
electric  shocks.  Electric  shock  alone,  with  no  avoidance  requirement, 
produces  a  less  pronounced  effect.  Preliminary  analysis  of  urine  and 
serum  endocrine  measures  suggests  that  the  morphological  response  may 
be  mediated  by  hormonal  changes  resulting  from  exposure  to  the  stress 
procedure.  These  data  bear  directly  on  the  problem  of  identifying  the 
physiological  consequences  of  exposure  to  stress  and  to  the  development 
of  a  model  for  interpreting  the  failure  of  individuals  to  successfully 
adapt  to  the  acute  stresses  encountered  by  military  personnel.  The 
identification  of  morphological  changes  in  the  autonomic  nervous  system 
of  non-human  primates  exposed  to  acute  psychological  stress  raised 
questions  as  to  the  effect  of  prolonged  chronic  stress  on  the  structure 
and  function  of  the  nervous  system.  Rhesus  monkeys  have  now  been  exposed 
to  repeated  72-hour  avoidance  sessions.  Following  ten  weeks  of  stress 
exposure,  the  morphology  of  their  nervous  systems  i's  being  examined 
using  autoradiographic  techniques.  Data  resulting  from  these  studies 
may  contribute  substantially  to  our  understanding  of  the  anatomical 
and  physiological  mechanisms  underlying  the  behavioral  breakdown  of 
military  personnel  exposed  to  chronic  psychological  stress. 

Effects  of  anti-malarial  compounds  on  visual  vigilance  performance. 
Because  certain  anti-malarial  compounds  are  known  to  produce  significant 
retinopathy,  a  procedure  was  developed  to  assess  wnether  these  compounds 
produce  decrements  ir  visual  performance,  which  might  appear  even  before 
any  retinopathic  changes  were  observable.  A  combination  of  three  anti- 
malarial  drugs  (chlorjquine ,  primaquine,  and  DFQ)  were  administered  to 
two  rhesus  monkeys  via  intubation  to  produce  el  ova  tea  methemoglobin 


levels.  The  purpose  of  the  study  was  to  investigate  the  possible  dele* 
terious  effects  that  these  anti-malarial  drugs  might  have  on  a  visual 
vigilance  task  due  to  elevated  methemoglobin  levels.  Methemoglobin 
levels  were  raised  to  between  5-10%  in  the  two  monkeys  with  no  systematic 
change  in  vigilance  performance.  This  study  suggest?  that  elevations 
of  methemoglobin  levels  to  10%  above  baseline  levels  induced  through 
chronic  administration  of  a  combination  of  three  anti-malarial  drugs 
have  no  effect  on  visual  vigilance  performance.  These  data  strongly 
suggest  that  no  significant  reduction  in  visual  performance  is  associ¬ 
ated  with  the  routine  use  of  these  compounds. 

Effects  of  anti-malarial  compounds  on  performance  decrements  produced 
by  alcohol .  Because  certain  anti-malarial  compounds'  are  known  to 
interfere  wi th  enzymes  important  in  the  metabolism  of  alcohol,  pilot 
work  has  been  initiated  to  evaluate  the  duration  and  magnitude  of 
behavioral  deficits  produced  by  alcohol.  This  baseline  will  then  be 
used  to  determine  whether  anti-malarials  alter  the  effect  of  alcohol  on 
behavior.  These  data  may  be  useful  in  extending  the  notion  of  the 
pharmacologic  toxicity  of  compounds  to  include  behavioral  toxicity  as 
well. 

Delivery  of  mental  health  services:  The  behavior  of  a  role  innovator. 
Behavioral  technology  is  being  applied  to  problems  of  describing  the 
behavior  of  an  innovative  chief  of  a  Mental  Hygiene  Consultation  Service 
and  to  assessing  the  concomitant  changes  in  the  behavior  of  the  clinical 
staff,  command  elements  on  the  post,  and  personnel  responsible  for 
delivering  mental  health  services.  The  purpose  of  a  behavioral  approach 
to  these  problems  is  to  develop  an  objective  set  of  measures  for  im¬ 
proving  the  delivery  of  mental  health  care.  Analysis  of  the  data  is 
not  yet  complete. 

Development  of  the  methodology  for  determining  illegal  drug  use  patterns 
at  a  large  Army  postT  The  purpose  of  this  study  is  to  find  reliable, 
efficient,  and  objective  behavioral  methods  for  determining  prevalence 
rates  of  drug  use  and  abuse.  Methods  being  evaluated  currently  include 
questionnaire  administration  in  large  groups,  questionnaire  administra¬ 
tion  in  small  groups  combined  with  group  discussion,  anonymous  ballot 
questionnaires,  and  observers'  ratings  based  on  relevant  variables. 
Preliminary  indications  are  that  the  small  group  questionnaire,  combined 
with  discussion,  offers  the  greatest  validity,  but  at  prohibitive  costs 
in  terms  cf  personnel. 

Development  of  the  methodology  to  determine  the  variables  that  initiate 
a~nd  maintain  drug- taking  behavior  in  the'Trmyi  ATT  currently  available 
measures  for  determining  prevalence  rates  for  drug  abuse  are  being  eval¬ 
uated  in  terms  of  the^r  suitability  as  instruments  for  obtaining  data 
on  the  variables  underlying  the  problem.  The  study  is  in  the  exploratory 
stage;  however,  preliminary  data  indicate  that  techniques  for  measuring 
only  prevalence  will  be  inadequate  for  this  purpose. 
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The  use  of  enlisted  mental  health  personnel  as  drug  abuse  counselors. 

The  study  was  designed  to  develop  an  objective  data  base  related  to the 
suitability  of  enlisted  mental  health  personnel  as  drug  abuse  counselors. 
Primary  focus  has  been  on  knowledge  of  drugs  and  their  effects,  personal 
history  of  drug  abuse,  and  interest  in  functioning  as  drug  abuse  coun¬ 
selors.  Tiie  entire  enlisted  staff  of  the  MHCS  at  Ft.  Meade  has  been 
interviewed  for  this  purpose,  as  we  1.1  as  all  of  the  senior  NCO  personnel 
being  used  to  establish  drug  counselling  facilities  in  RVN  for  returnees 
to  CONUS.  Although  very  preliminary,  the  data  appear  to  indicate  that 
special  intensive  training  will  be  required  before  MHCS  personnel  can 
deal  with  problems  of  drug  abuse  on  a  routine  basis. 

EVALUATION  OF  THE  BEHAVIORAL  TOXICITY  OF  NON-THERAPEUTIC  DRUG  USE  WITH 
OBjECHflT  LABORATORY  MODEL'S'. - 

Primary  emphasis  has  been  focused  upon  the  behavioral  toxicity  of  mari¬ 
huana  use.  This  decision  was  made  because  reports  of  the  widespread  use 
of  this  drug,  both  in  the  military  and  in  that  segment  of  the  civilian 
sector  likely  to  be  inducted  Into  the  military,  and  the  lack  of  a  tech¬ 
nology  for  the  detection  of  marihuana  use  by  biochemical  means,  appeared 
to  indicate  that  marihuana  abuse  is  likely  to  be  a  continuing  source  of 
concern  for  the  Army.  In  summary,  the  studies  in  progress  have  all  em¬ 
ployed  delta-9- tetrahydrocannabinol  (THC),  the  principal  active  agent  in 
marihuana.  At  effective  dose  levels,  all  studies  have  demonstrated  a 
drop  in  work  output,  even  on  very  simple  tasks  requiring  very  little 
effort.  No  evidence  has  been  found  of  a  reverse  tolerance  of  the  kind 
reported  by  human  users.  All  laboratory  studies  have  indicated  that 
behavioral  impairments  were  most  severe  with  the  initial  administration 
and  appeared  to  attenuate  with  repeated  administration.  The  exception 
to  this  was  a  study  in  which  food  intake  was  found  to  decrease,  and  was 
sufficiently  reduced  to  prevent  any  weight  gain,  throughout  a  30  day 
chronic  administration  period.  These  data  were  obtained  from  young  rats 
that  should  have  gained  substantial  weight  during  the  administration 
period.  The  other  generally  confirmed  observation  was  disruption  of 
timing  behavior,  with  the  subjects  overestimating  the  passage  of  time. 
Individual  studies  in  progress  or  completed  are  briefly  described  below. 

Effects  of  THC  on  behavior  maintained  by  behavioral  stress.  Shock  avoid- 
ance  procedures  have  been  used  with  both  primates  and'  rats  to  determine 
the  effects  of  THC  on  performance  maintained  by  this  stress  procedure. 

The  data  are  in  agreement  that  moderate  doses  of  THC  impair  shock  avoid¬ 
ance  performance.  This  decrement  in  avoidance  performance  is  unequivocal 
mi  primates,  but  some  rats  actually  show  improved  performance.'  The  rat 
data  are  not  definitive  because  the  intrapen toneal  route  of  administra¬ 
tion  was  used.  In  this  same  study,  it  was  found  that  rat-  administered 
THC  intraperi toneal ly  developed  an  acute  irritative  peritonitis  of  suf¬ 
ficient  severity  to  result  in  death.  The  use  of  appropriate  controls 
indicates  that  it  was  the  combination  of  stress  and  THC  that  resulted 
in  death,  THC  alone  producing  a  less  severe  peritonitis  from  which  non- 
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stressed  rats  recover.  The  presence  of  peritonitis  served  to  confound 
the  performance  data  in  the  rat  studies;  however,  additional  studies 
using  oral  administration,  appear  to  confirm  the  primate  data. 

Conditioned  fear  following  administration  of  THC.  A  conditioned  suppres- 
sion  procedure,  widely  accepted  as  a  laboratory  model  for  the  study  of 
the  effects  of  psychoactive  compounds  on  fear,  has  indicated  the  possi¬ 
bility  of  increased  fear  iri  primates  administered  THC.  These  data  are 
to  be  regarded  cautiously,  however,  since  no  confirmation  could  be  ob¬ 
tained  in  the  rat  and  since  the  suppression  of  on-going  behavior  used  as 
an  index  of  fear  may  have  been  the  direct  result  of  the  THC  alone.  In 
this  study,  as  well  as  others,  THC  has  proven  extremely  difficult  to 
study  with  traditional  psychopharmacological  methods  because  the  drug 
interferes  with  on-going  performance  in  such  a  way  as  to  make  observa¬ 
tions  of  more  specific  effects  very  difficult. 

THC  as  a  discriminatory  cue.  The  dose  levels  of  THC  required  to  produce 
behavioral  effects  in  animals,  with  the  exception  of  the  chimpanzee,  are 
high,  relative  to  those  used  by  humans.  The  question  has  arisen  as  to 
the  dose  level  at  which  an  animal  can  recognize  the  presence  of  THC.  The 
present  study  was  designed  to  answer  the  question  of  what  minimum  dose 
could  be  discriminated  from  a  placebo.  When  a  monkey  is  working  for 
food  and  a  stimulus  is  presented  indicating  that  the  animal  is  about  to 
receive  an  electric  shock,  there  is  an  abrupt  disruption  of  on-going 
performance.  In  the  present  study,  placebo,  as  well  as  varying  doses  of 
THC,  is  administered  intrvenously  via  chronic  venous  catheters  to 
monkeys.  Placebos  never  signal  that  shock  is  to  be  presented,  but 
an  administration  of  THC  is  always  followed  two  minutes  later  by  an 
electric  shock.  If  an  animal  can  discriminate  the  difference  between 
placebo  and  a  given  dose  of  THC,  then  it  can  anticipate  the  presentation 
of  shock,  and  the  characteristic  anticipatory  disruption  of  on-going 
behavior  can  be  observed.  To  date,  data  from  two  animals  indicate  that 
doses  lower  than  those  capable  of  producing  decrements  in  performance 
are  not  discriminated,  suggesting  a  close  correspondence  between  the 
doses  perceived  by  an  organism  and  those  that  impair  its  performance. 
These  data  suggest  that  the  higher  doses  of  THC  required  to  produce 
behavioral  effects  in  laboratory  animals  are  similar  to  those  required 
to  produce  any  sort  of  experiential  effect. 

THC  and  response  effort  requirement.  Because  the  most  typical  finding 
following  THC  administration  has  been  a  failure  of  animals  to  work,  a 
study  was  undertaken  to  determine  whether  the  amount  of  work  was  a  factor 
in  determining  the  effect  of  the  drug.  THC  was  given  by  mouth  to  monkeys 
trained  on  a  multiple  ratio  schedule  requiring  different  numbers  of 
responses  to  obtain  food  In  the  presence  of  different  visual  stimuli. 

In  a  series  of  five  daily  administrations  of  4  mg/kg,  no  differential 
drug  effects  were  associated  with  the  different  effort  requirements. 


Effect  of  THC  on  work  rate,  accuracy  of  performance,  and  timing  behavior 
in  chimpanzees.  Three  chimpanzees  were  trained  on  a  task  that  required 
precise  timing  behavior  as  well  as  sustained  performance  for  nearly  20 
hours  each  day  in  order  to  obtain  their  dally  ration  of  food.  A  dose 
response  curve  for  orally  administered  THC  was  obtained  for  each  animal. 

The  data  indicated  that  doses  of  THC  comparable  to  those  reported  effec¬ 
tive  in  humans  resulted  in  overestimation  of  time  and  reductions  In  work 
output.  At  higher  doses,  effects  lasted  nearly  three  days,  and  at  lower 
doses,  nearly  24  hours  were  required  to  recover  performance.  It  was  also 
noted  that  after  several  administrations  of  THC  given  In  a  volume  of 
.2cc  injected  into  several  orange  slices,  the  animals  refused  to  accept 
orange  slices  and  would  not  eat  oranges  even  when  they  contained  no  THC. 
This  observation  suggested  that  THC  might  have  aversive  properties  and 
a  study,  described  below,  was  conducted  to  verify  this  hypothesis. 

THC  and  conditioned  saccharine  aversion.  The  fact  that  chimpanzees 
learned  to  refuse  a  preferred  food  when  used  to  administer  THC  suggested 
that  THC  might  have  unpleasant  or  even  toxic  properties  for  the  animal. 

To  confirm  this,  advantage  was  taken  of  a  naturally  occurring  phenomenon 
in  rats.  If  rats  are  administered  a  treatment,  such  as  poison  or  heavy 
dose  of  radiation,  which  makes  them  ill,  they  subsequently  avoid  any 
novel  substance  they  may  have  been  eating  before  becoming  sick.  In  the 
present  experiments  rats  were  given  a  single  dose  of  THC  immediately 
after  their  first  exposure  to  a  saccharine  solution,  a  solution  usually 
preferred  over  tap  water.  In  tests  given  47  hours  after  THC  administra¬ 
tion,  a  dcse-related  reversal  of  the  rats'  normal  preference . for  saccharine 
was  found.  These  data  support  earlier  informal  observations,  that  THC 
may  have  unpleasant,  or  toxic  properties  for  laboratory  animals. 

THC  and  duration  discrimination  in  monkeys.  Because  of  the  accumulating 
evidence  of  an  effect  on  temporal  discrimination,  THC  was  given  by  mouth 
both  acutely  in  a  wide  dose  range,  or  chronically,  to  monkeys  working  on 
a  procedure  requiring  different  responses  to  stimuli  of  different  dura¬ 
tions.  In  the  acute  experiment,  all  measures  of  behavior  including 
accuracy,  rate  of  work,  and  response  bias  showed  dose-related  decrements, 
with  the  lowest  effective  dose  being  about  4  mg/kg.  In  the  chronic 
experiment,  rate  of  work  recovered  after  several  daily  administrations 
of  high  doses,  and  accuracy  recovered  much  more  slowly  or  not  at  all. 

The  effect  of  high  doses  was  characterized  by  a  transient  decrement  in 
accuracy  followed  by  complete  cessation  of  response. 

THC  and  flash  rate  discrimination  in  rats.  Rats  have  been  trained  to 
respond  differentially  to  tights  flashing  at  different  frequencies. 

Within  the  next  month,  several  chronic  drug  administrations  at  several 
different  dose  levels  will  be  begun.  The  data  from  this  exK'riment 
will  determine  the  generality  of  previous  experiments  with  monkeys  and 
pigeons,  and  different  modalities  on  the  effect  of  THC  on  various  meas¬ 
ures  of  timing  behavior. 
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THC  and  timing  behavior  in  rats.  In  this  study,  rats  are  being  trained 
orTa "procedure  conceptually  similar  to  that  in  the  chimpanzee  study 
cited  above.  That  study  showed  effects  of  THC  well  within  the  human 
dose  range,  while  other  studies  with  rats  and  monkeys  have  required 
much  higher  doses  to  show  any  effect.  This  study,  with  a  baseline 
similar  to  that  in  the  chimp  study,  should  provide  a  definitive  answer  as 
to  whether  the  difference  in  dose-resp ,nse  effects  is  due  to  species  or 
to  procedural  differences. 

Effects  of  THC  on  sensory  capabilities.  A  number  of  studies  cn  the  sen- 
sory  capabilities  of  several  species  of  laboratory  animals  have  been 
completed  or  are  nearing  termination.  THC  was  given  by  mouth  daily  for 
periods  of  about  two  weeks  to  monkeys  working. on  an  auditory  discrimina¬ 
tion  (click  frequency)  procedure.  Ooses  of  2  to  4  mg/kg  initially  de¬ 
pressed  both  work  rate  and  accuracy.  Work  rate  recovered  in  the  course 
of  the  chronic  administration  of  the  drug,  but  accuracy  did  not.  In 
addition,  urine  samples  were  collected  from  these  animals  for  use  in 
preliminary  attempts  by  the  Division  of  Biochemistry,  WRAIR,  to  detect 
metabolites  of  THC  in  the  urine,  with  the  long-term  goal  of  development 
of  a  screening  test  for  marihuana  use.  Pigeons  run  on  intensity  and 
frequency  difference  threshold  paradigms  were  given  oral  doses  of  THC. 
Dose  response  curves  were  established  for  the  drug.  The  purpose  of  the 
study  was  to  investigate  the  possibility  that  the  drug  has  deleterious 
effects  on  sensory  thresholds  as  well  as  the  more  complex  discriminations 
described  above.  To  date,  the  data  suggest  that  pigeons  run  on  these 
auditory  discrimination  problems  motivated  by  appetitive  consequences 
(food)  stop  working  under  the  influence  of  the  drug.  The  length  of  the 
work  stoppage  is  functionally  related  to  the  dose  of  THC  administered. 

The  auditory  thresholds  for  all  practical  purposes  are  not  affected. 

THC  and  aggression.  Two  recently  completed  studies  have  dealt  with 
the  relationship  between  aggression  and  THC.  In  one  of  these, 
fighting  was  elicited  in  pairs  of  rats  by  applying  pulses  of  elec¬ 
tric  shock  tc  the  grid  floor  of  a  small  chamber.  The  probability 
of  eliciting  such  fighting  was  unchanged  by  injections  of  THC. 
Manipulations  of  dose  (64  mg/kg  to  6400  mg/kg),  previous  drug  hirtory, 
vehicle  (vegetable  oil  or  propylene  glycol),  and  time  elapsing  between 
injection  and  lest  (0.5  to  2  hours)  were  ail  ineffective  in  altering 
this  finding.  In  contrast,  chlordiazepoxide  reliably  decreased  the 
probability  of  such  fighting,  with  the  magnitude  of  the  decrease  being 
directly  related  to  dose  level.  The  second  study  in  this  area  assessed 
the  effects  of  THC  on  a  different  type  of  aggressive  behavior,  i.e.,  spc* 
taneous  interspec* fic  aggression.  In  this  situation,  doses  of  THC  which 
failed  to  alter  sncck-elicited  fighting  reliably  depressed  the  incidence 
of  attack.  Initially,  it  would  appear  then  that  the  relationship  between 
THC  and  aggression  is  a  complex  one,  highly  dependent  upon  the  circum¬ 
stances  surrounding  the  type  of  aggression  in  question. 


THC  and  frustration.  The  effects  of  THC  were  also  studied  using  a  very 
different  type  of  stress  from  electric  shock,  but  which  Is  very  common, 
i.e.,  frustration.  Operationally,  this  involved  training  rats  to  iever 
press  for  food  pellets  delivered  at  Intervals  of  one  minute,  contingent 
on  a  press.  Prominent  exteroceptive  stimuli  also  accompanied  the  deliv¬ 
ery  of  each  pellet.  After  substantial  training  on  this  schedule,  a  prob¬ 
ability  factor  was  Introduced,  so  that  25%  of  the  time  no  pellets  accom¬ 
panied  the  exteroceptive  stimuli  usually  associated  with  food.  Rats 
reliably  pressed  twice  as  fast  following  this  "frustration"  than  follow¬ 
ing  receipt  of  a  pellet.  Injections  of  4  mg/kg  THC  produced  a  slight 
enhancement  of  this  effect,  though  a  drastic  reduction  in  work  rate  was 
by  far  the  most  prominent  effect.  Lower  doses  produced  no  consistent 
effects. 

Effects  of  chronic  administration  of  THC  on  food  intake  and  body  weight. 
One  of  the  THC  investigations  completed  was  a  study  of  body  weight,  food 
and  water  intake  during  and  after  an  extended  period  of  THC  administra¬ 
tion.  Very  little  is  known  about  the  long-term  effects  of  the  druo,  so 
rats  were  compared  receiving  daily  i.p.  (4  mg/kg)  or  oral  (8  mg/kt})  uoses 
with  appropriate  placebo  controls.  While  the  latter  gained  weight  at  a 
steady  rate  throughout  the  experiment,  the  THC  animals  failed  to  gain  at 
all  during  the  thirty  days  of  drug  administration.  Upon  cessation  of 
drug  administration  they  began  to  gain  weight  again,  but  had  not  reached 
the  weight  of  me  control  animals  after  thirty  days  without  THC.  This 
failure  to  gar  eight  appeared  to  be  primarily  due  to  a  decrease  In 
food  intake  rather  than  post-ingestional  changes.  Subsequent  work  has 
shown  this  finding  to  be  dose-related,  at  least  in  the  range  of  0.5  to 
32  mg/kg.  In  addition,  all  rats  given  intraperitoneal  injections  of 
THC,  and  only  these,  showed  evidence  at  necropsy  of  having  suffered 
moderate  to  severe  irritative  peritonitis.  Both  of  these  findings 
(reduced  food  Intake,  and  peritonitis)  have  major  methodological 
implications  for  all  THC  investigators. 

BIOLOGICAL  EFFECTS  OF  MICROWAVE  EXPOSURES. 

Duri.ig  the  reporting  period  an  entire  laboratory  has  been  completed  and 
staff  selected  to  Investigate  the  biological  effects  of  low-level  micro- 
wave  exposures.  The  bulk  of  the  last  year  has  been  devoted  to  completing 
the  physical  alterations  so  research  can  begin.  Several  studies  have 
been  completed.  These  clearly  Indicate  that  exposure  to  levels  at  or 
below  20  mw/cm*  can  influence  cell  growth  in  tissue  systems  with  high 
cellular  turnover.  Consistent  with  this  observation  is  the  finding 
that  proliferative  tissues  of  the  fetus  are  also  sensitive  to  exposures 
of  less  than  20  mw/cm*.  Behavioral,  neurophysiological ,  and  neuro¬ 
chemical  studies  are  underway  to  determine,  across  a  wide  spectrum,  the 
mediating  mechanisms  and  their  potential  hazards,  if  any.  Emphasis  Is 
being  placed  upon  wavelength  and  other  physical  characteristics  of  expo¬ 
sure  parameters  which  are  of  concern  to  operational  Army  radar  systems. 


65? 


Project  3A061102B71R  RESEARCH  IN  BIOMEDICAL  SCIENCES 
Task  03,  Psychiatry 

Work  Unit  025,  Analysis  and  management  of  behavior  and  stress 
Literature  Cited. 

Publications: 

1.  Elsmore,  T.F.:  Independence  of  post-reinforcement  pause  and  running 
rate  on  fixed-interval  pacing  schedules  of  reinforcement.  Psychonomlc 
Science  23:  371-372,  1970. 

2.  Elsmore,  T.F.:  Effects  of  response  effort  on  discrimination  perfor¬ 
mance.  Psychol.  Rec.  21.:  17-24,  1971. 

3.  Hodos,  W.:  A  non-pa rametr 1c  Index  of  response  bias  for  use  In  detec 
tlon  and  recognition  experiments.  Psychol.  Bull.  74:  351-354,  1970. 

4.  Hodos,  W.:  Evolutionary  Interpretation  of  neural  and  behavioral 
studies  of  living  vertebrates.  In  The  Neurosciences:  Second  Study 
Program,  F.O.  Schmitt,  Ed.  The  Rockefeller  University  Press,  pp  2b-39, 

5.  Hodos,  W.  and  Campbell,  C.B.S. :  The  concept  of  homology' and  the 
evolution  of  the  central  nervous  system.  Brain  Behav.  Evol.  3:  553- 
567,  1970. 

6.  Hodos,  W.  and  Karten,  H.J.:  Visual  Intensity  and  pattern  discrim¬ 
ination  deficits  after  lesions  of  the  ectostrlatum  In  pigeons.  J.  Comp. 
Neurol.  140:  53-68,  1970. 

7.  Karten,  H.J.  and  Hodos,  W.:  Telencephalic  projections  of  nucleus 
rotundus  in  the  pigeon.  J.  Comp.  Neurol.  140:  35-52,  1970. 

8.  Krasnegor,  N.A.,  Brady,  J.V.,  and  Findley,  J.;  Second  order  option¬ 
al  avoidance  as  a  function  of  fixed  ratio  requl rements .  J.  Exp.  Anal. 
Behav.  15:  181-187,  1971. 

9.  Manning,  F.J.,  Gross,  C  G.,  and  Cowey,  A.:  Partial  reinforcement: 
Effects  on  visual  learning  after  foveal  prestrlate  and  inferotemporal 
lesions.  Physiol.  Behav.  6:  61-64,  1971. 

10.  Manning,  F.J.:  Punishment  for  errors  and  visual  discrimination 
learning  by  monkeys  with  Inferotemporal  cortex  lesions.  J.  Comp. 
Physiol.  Psychol.  75:  146-152,  1971. 


653 


’1.  Sharp,  J.C.3and  Paperiello,  C.J.:  The  effects  of  microwave  exposure 
on  thymidine  -  'Ti  uptake  In  albino  rats.  Rad.  Res.  45:  434-439,  1971. 

12.  Sodetz,  F.J.:  Septal  ablation  and  free-operant  avoidance  behavior 
in  the  rat.  Physiol.  Behav.  5:  773-777,  1970. 


PROJECT  3A061102B71P 

BASIC  RESEARCH  IN  SUPPORT  OF  MILITARY  MEDICINE 


Task  01 
Biochemistry 


['•'  ■ 
r;  : 

?  • 

[  /  .  .  •  i 

■  ■ '  4 

t '  +  A 


Project  3AU61102B71P  BASIC  RESEARCH  IN  SUPPORT  OF  MILITARY  MEDICINE 
Task  01,  Biochemistry 

Work  Unit  070,  Biochemical  variations  during  disease, and  treatment 
Investigators. 

Principal:  LTC  Charles  R.  Angel,  MSC 

Associate:  D.  J.  Brenner,  Ph.D.;  PFC  M.  J.  Banning,  M.S.; 

E.  S.  Copeland,  Ph.D. ;  B.  P.  Doctor,  Ph.D.; 

SP5  H.  L.  Earl,  M.S.;  G.  R.  Fanning,  M.S.; 

A.  G.  Faulkner,  B.S.;  SP4  P.  S.  Handley;  LTC  T.-K.  LI,  MC; 

MAJ  L.  Lumeng,  MC;  E.  j.  Matuslk,  B.S.; 

CPT  W.  L.  Miller,  MSC;  M.  A.  Sodd,  M.S.; 

SP4  A.  G.  Stelgerwalt. 

DESCRIPTION. 

The  fundamental  objective  of  this  work  unit  is  to  investigate 
diseases  at  the  molecular  level.  At  the  same  time  consultation  on 
technical  and  Investigative  levels  is  also  provided  to  other  units. 
Specifically,  this  involves  the  study  of  variation  in  cellular  pro¬ 
cesses  caused  by  disease  in  terms  of  molecular  biology,  biochemical 
genetics,  physico-chemical  and  structural  studies  of  macromolecules 
using  disease  causing  aaents  such  as  bacteria,  viruses  and  mammalian 
cells.  Detailed  studies  have  been  pursued  to  understand: 

1.  The  mechanism  of  cellular  protein  synthesis. 

2.  The  role  of  nucleic  acids  In  this  process  and  the  mechanism  of 
replication,  transcription,  translation  and  transfer  of  the  genetic 
Information. 

3.  The  homology  ar.d  divergence  of  nucleotide  sequences  in  various 
species  of  bacterial  DNA  and  Its  correlation  to  the  pathogenesis  of 
these  species.  This  In  turn  will  provide  basic  knowledge  about  the 
host-parasite  relationship  at  the  genetic  level. 

4.  Interaction  of  antimetabolites  with  the  m&cromolecules  such  as 
proteins,  nucleic  acids  and  the  enzymes. 

5.  Isolation  and  in  vitro  characterization  of  structural  and 
functional  genes. 

6.  The  effects  of  nutritional  variations  on  the  macromolecular 
functions  in  health  and  diseases. 

7.  Interaction  of  small  molecules  and  ions  with  biological  mem¬ 
branes. 
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8.  The  effect  of  alcohol  on  the  mechanism  of  transfer  of  hydrogen 
equivalents  across  liver  mitochondrial  membranes. 

9.  Studies  on  the  mechanism  of  radioprotection. 

10.  Studies  on  phototoxicity. 

PROGRESS. 

Since  the  first  successful  attempts  last  year  In  Isolating  the  tRNA 
genes  from  E.  coll,  major  efforts  were  concentrated  In  Improving  this 
technique  and  extending  It  for  the  Isolation  of  other  structural  genes. 
Both  these  efforts  were  successful  and  the  5s  RNA  gene  has  teen  Isolated 
and  the  method  Improved  for  the  Isolation  of  tRNA  genes.  A  wealth  of  In¬ 
formation  was  obtained  regarding  the  character  of  tRNA  genus  In  £.  coll 
and  its  relatedness  with  other  species.  This  advancement  has  also  made 
it  possible  to  characterize  the  gene  products.  Nucleic  acid  relation¬ 
ship  studies  among  the  Enterobacteriaceae  have  been  extended  with 
particular  emphasis  on  the  pathogenic  E.  coll  strains  and  the  differ¬ 
entiation  of  pathogenic  Klebsiella  species  from  the  non-pa thogenlc 
Aerobacter  species. 

1 •  Nucleic  Acid  Relationship  Studies. 

Relationships  of  all  main  groups  of  enterobacteria  to  three 
strains  of  E.  coli,  two  species  of  phytopathogenic  Erwlnla,  Proteus 
mirabilis,  Klebsiella  pneumoniae  and  Enterobacter  hafnlae.  Farther 
detailed  relationships  have  been  determined  among  several  dozen  E_.  coll 
strains,  Alkalescens-Dispar  strains  and  Shigella  strains;  between 
Erwinia  species,  and  between  members  of  the  Kl ebs 1 el 1 a-Aerobacter- 
Enterobacter  genera.  Both  closely  and  distantly  related  nucleotide 
base  sequences  are  assayed  by  varying  the  stringency  of  reassociation 
conditions  so  that  only  highly  complementary  or  both  highly  and  loosely 
complementary  nucleotide  sequences  can  form  stable  duplexes.  By  deter¬ 
mining  the  stability  of  duplexes  formed  between  species  relative  to 
the  stability  of  duplexes  formed  from  DNA  of  the  same  species  one  can 
assay  the  amount  of  divergence  in  related  nucleotide  sequences. 

As  reported  previously,  E_.  coli  strains  have  diverged  to  a 
point  where  as  much  as  25-30%  of  their  DNA  is  no  longer  capable  of 
reassociating  at  stringent  incubation  conditions.  All  Alkalescens- 
Dispar  strains  tested  and  all  Shigella  species  fall  within  this  range. 
These  closely  related  organisms,  all  of  which  are  pathogenic  or. 
potentially  pathogenic  could  well  be  placed  within  a  single  species. 

Frits  Orskov,  at  the  Staaten  Serum  Institute  in  Copenhagen,  Denmar, 
has  been  able  to  place  E.  coli  strains  Into  three  groups  with  respect 
to  migration  of  "0"  antTgens  In  Immunoelectrophoresis.  He  finds,  with 
few  exceptions,  that  there  are  three  patterns  of  antigen  mobility  and 
that  each  pattern  correlated  well  with  the  type  of  Infection  that  the 
strain  causes.  His  groups  differentiate  between  £.  coli  strains 
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responsible  for  infant  diarrhea,  dysentery-like  diseases  and  general 
parenteral  infections.  A  collaboration  has  been  started  with  Dr. 

Orskov  in  order  to  determine  the  gross  DNA  homology  in  groups  of  strains 
from  each  of  the  groups  he  has  described.  Thus  far  somewhat  different 
patterns  have  been  found  than  those  observed  with  antigen  mobility.  It 
is  clear  that  the  E.  coll  strains  within  any  group  are  significantly 
more  related  than  are  strains  compared  from  different  groups.  We  have 
verified  and  extended  our  results  with  strains  from  our  own  collection 
which  fall  into  one  of  Dr.  Orskov's  groups.  It  is  particularly  impor¬ 
tant  to  be  able  to  differentiate  pathogenic  from  resident  normal  flora 
i;i  an  organism  as  ubiquitous  as  E.  col  1 .  It  is  hoped  that  the  data 
obtained  in  these  studies  will  aTd  the  clinician  in  this  regard. 

In  the  course  of  carrying  out  reactions  with  £.  col i  strains  of 
diverse  origin,  it  was  noted  that  several  of  the  strains  appeared  to 
have  significantly  different  genome  sizes.  This  fact  was  subsequently 
confirmed  by  Dr.  DeLey  and  his  associates  in  Belgium,  it  is  now  known 
that  £.  col i  strains  differ  in  genome  size  by  at  least  25%  and  that  at 
least  a  4%  range  in  genome  size  exists  among  the  Enterobacteriaceae. 

All  relatedness  values  obtained  in  the  past,  both  in  this  laboratory 
and  other  laboratories,  assumed  that  all  organisms  tested  have  the  same 
genome  size.  This  assumption  is  not  valid  and  corrections  for  molecular 
weight  must  be  made,  especially  if  closely  related  organisms  are  tested 
or  if  the  genome  sizes  are  significantly  different. 

Results  obtained  from  interspecies  reassociation  reactions  with 
labeled  DNA  from  Er.  caratovora  and  Er.  dissolvens  indicates  that  the 
Erwineae  are  a  diverse  group  of  organisms;  in  some  cases  sharing  less 
than  1 5^  of  their  DNA  under  optimal  conditions  and  loss  than  3%  under 
stringent  conditions.  The  Erwineae  share  as  much  as  1/3  of  their  genome 
with  "true:'enteropathogen$.  The  Erwi neae  share  as  much  as  1/3  of  their 
genome  with  "true"  enteropathogens  such  as  Sh.  flexneri  and  E.  coli . 
These  phytopathogens  may  be  divided  into  two  "groups  based  on  the  type 
of  disease  they  produce.  The  data  indicate  that  considerable  diversity 
exists  in  both  groups.  A  detailed  examination  of  these  organisms  will 
probably  point  up  at  least  four  groups  and  may  further  our  knowledge 
of  phytopathogenicity. 

Differentiation  of  Klebsiella  pneumoniae  strains  from  the  nonpatho- 
genic  Aerobacter  aerogenes  or  Enterobacter  aerogenes  strains  is  a  diffi¬ 
cult  cask  for  the  clinical  bacteriology  laboratory.  Studies  show  that 
these  organisms  are  only  50%  related  and  that  only  about.  15%  of  their 
DNA  reassociates  at  stringent  incubation  temperatures.  All  Klebsiella 
species  formed  extensive  and  stable  interspecies  duplexes,  whereas  the 
Enterobacter  species  showed  several  levels  of  divergence.  Ent.  aero- 
qenes  and  Ent.  cloacae  strains  are  closely  related,  while  Ent.  hafniae, 
and  Ent.  liquifaciens  are  only  distantly  related  to  Ent.  aerobacter  and 
to  each  other.  These  findings  again  emphasize  the  disparity  in  related- 
ness  observed  in  pathogenic  organisms  as  opposed  to  nonpathogens.  The 
pathogens  always  show  less  divergence  than  the  nonpathogenic  organisms. 


2.  Methodological  Advances  in  Separation  of  Single-  and  Double- 

Stranded~PNA  by  Hydroxyapatite  Chromatography.  ~ 

During  the  past  year,  studies  were  continued  to  Impiove  the 
techniques  of  separating  single-  and  double-stranded. DNA  and  DNA/RNA 
hybrid  preparations  from  hydroxyapatite  and  with  alternative  methods 
including  nitrocellulose  powder  and  filter  methods. 

The  addition  of  sodium  lauryl  sulfate  completely  precludes  the 
batch  to  batch  variation  in  nonspecific  binding  of  DNA  to  hydroxyapatite. 
As  a  result  of  continued  consultation  with  the  supplier  and  with  Dr. 

Dave  Kohne,  of  the  Carnegie  Institute  of  Washington,  this  laboratory 
was  instrumental  In  the  development  of  a  "DNA  grade"  of  hydroxyapatite. 
This  product  is  standardized  for  DNA  work  and  offers  large  capacity, 
reasonable  flow  rate  and  excellent  specificity.  Batches  of  hydroxy¬ 
apatite  were  tested  in  order  to  develop  an  ideal  preparation  of  ribo¬ 
nucleic  acids. 

Gene  isolation  techniques  have  been  standardized  to  a  point 
where  small  or  large  scale  preparations  can  be  processed  reproduclbly 
and  with  minimal  loss.  In  the  past,  a  significant  proportion  of  the 
genes  to  be  isolated  were  lost  during  concentration  steps  and  through 
leaching  from  hydroxyapatite.  The  first  problem  has  been  virtually 
eliminated  by  a  combination  of  dialysis  and  concentration  by  roto- 
evaporation.  The  leaching  problem  has  been  minimized  by  lowering  the 
salt  concentration  of  the  hydroxyapatite  columns  which  results  in  RNA 
binding  with  greater  stability. 

3.  Transfer-RNA  Gene  Studies. 

Method  for  isolation  of  tRNA  genes  is  standardized.  This  Improve 
went  eliminated  the  mechanical  loss  of  material  during  Isolation  thus 
improving  the  yield.  At  the  same  time  this  technique  has  made  It 
possible  to  increase  the  capacity  to  Isolate  the  genes  on  a  larger  scale. 

32 

,,  The  purified  genes  which  are  P  labelled  were  hybridized  with 
"CS  labelled  tRNA.  Upon  gel  chromatography  on  Sephadex-G-100  and  CsSO* 
aensity  gradient  centrifugation,  a  tRNA:DNA  ratio  of  0.6  to  0.7  Is 
obtained.  This  indicates  that  the  DNA  fragments  (M.W.  125,000)  contain 
3  to  4  tRNA/DNA  fragments.  This  further  shows  that  tRNA  genes  are 
grouped  in  clusters  of  at  least  3  or  4  genes. 

Hybridization  of  pure  tRNA  genes  with  5s  RNA  (E,  coljj,  rl bo- 
soma  I  RNA  (E^.  col i ) ,  yeast  and  rat  liver  tRNA  show  that  there  Is  no 
cross  reaction.  This  indicates  the  lack  of  homology  between  the  RNA 
and  i.  col i  tRNA.  There  is  however,  slight  homology  between  £.  coll 
r  RNA  "and  Neurospora  tRNA.  * 


Hybridization  of  pure  tRNA  genes  with  two  isoaccepting  tRNA's 
(pure)  from  £.  col i  namely  formyl-methionyl-tRNA  and  methionyl-tRNA, 
show  that  they  hybridize  additlvely.  This  shows  for  the  first  time  that 
Isoaccepting  tRNA  are  the  products  of  the  separate  genes  rather  than 
modification  after  transcription.  Attempts  are  being  made  at  present 
to  extend  this  finding  to  other  isoaccepting  tRNA ' s  from  E..  col i . 

DNA-DNA  reassociation  using  pure  tRNA  genes  and  DNA  from  a 
series  of  enterobacteria  indicate  that  tRNA  genes  are  preferentially 
conserved.  Under  optimal  reassociation  condi tio"s,  tRNA  gene  related¬ 
ness  ranged  from  85%  to  approximately  66 %  in  organisms  showing  85%  to 
7%  bulk  DNA  relatedness  to  E.  coli .  The  nucleotide  sequences  held  in 
common  between  tRNA  cistron?  from  these  organisms  are  largely  stable 
as  judged  by  experiments  carried  out  at  higher' incubation,  temperatures, 
and  by  determinations  of  the  thermal  stabilities  of  individual  duplexes. 
The  degree  of  conservation  evident  in  tRNA  sequences  may  further  be 
exploited. to  determine  divergence  in  very  distantly  related  groups  of 
bacteria  where  the  overall  DNA  relatedness  is  too  small  to  increase. 

Using  pure  tRNA  genes  as  template  and  highly  enriched  DNA  de¬ 
pendent  RNA  polymerase,  it  has  become  possible  to  obtain  tRNA  gene 
transcription  products.  This  product  migrates  in  tRNA  regions  when 
subjected  to  acrylamide  gel  electrophoresis.  E.  coli  tRNA  competes 
with  this  transcription  product  for  hybridizatfon”wTth  bulk  E.  coli  DNA. 
This  Indicates  that  in  vitro  sequences  of  tRNA  have  been  synthesized . 

The  biological  functional! t y  and  the  structural  features  of  this  trans¬ 
cription  product  are  b61ng  investigated  at  the  present  time.  * 

The  tRNA  genes  Isolated  by  this  procedure  contain  3  to  4  tRNA 
genes  per  DNA  fragment.  In  order  to  answer  some  of  the  questions  re¬ 
garding  full  understanding  of  the  gene  function  in  general,  it  became 
apparent  that  one  would  want  to  obtain  a  DNA  fragment  of  the  seme  size 
as  tRNA,  and  of  complementary  sequences.  To  this  end  an  endonuclease 
from  Neurospora  crassa  mycelia  which  degrades  single-stranded  DNA  at  a 
much  faster  rate  than  double-stranded  DNA  was  purified.  This  preparation 
had  an  initial  ratio  of  degradation  rates  (dDNA/nDNA)  of  greater  than 
150. 

I*  coli  transfer  RNA  and  dDNA  were  hybridized  by  modification 
of  the  described  procedure.  The  modification  was  of  such  a  nature  that 
it  afforded  maximum  hybridization  under  this  condition.  The  apparent 
maximal  binding  of  tRNA  to  dDNA  Is  0.046%  of  total  genome  which  agrees 
with  the  value  reported  by  this  laboratory  and  other  investigators. 
However,  this  value  is  twice  that  of  Marks  and  Spencer. 

The  hybrid  (tRNA:dDNA)  was  separated  from  tRNA  by  agarose 
chromatography.  The  recovered  hybrid  was  subjected  to  Neurospora.  endo¬ 
nuclease  action  under  specific  conditions.  The  digest  was  subjected 
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to  the  fractionation  procedure  to  obtain  the  hybrid  In  pure  form;  this 
includes  column  chromatography  on  hAK  column,  CsS04  density  gradient 
centrifugation  followed  by  Sephadex-G-100  gel  filtration.  The  density 
of  this  preparation  was  1.500  which  is  within  the  range  of  DNA/RNA  hy¬ 
brid.  The  molecular  weight  of  the  hybrid  is  less  than  100,000  and 
greater  than  40,0u0,  which  is  also  the  expected  value  for  tRNA:dDNA  hy¬ 
brid.  The  tRNA:DNA  ratio  is  approximately  0.5.  It  is  planned  to  use 
this  preparation  to  obtain  specific  questions  regarding  the  nature  of 
transcription  of  isolated  genes. 

4.  5s  RNA  Gene  Studies. 

Since  the  efforts  to  obtain  tRNA  genes' were  successful  the  5s 
RNA  gene  was  isolated.  Unlike  tRNA,  5s  RNA  is  a  single  species  of  RNA. 

5s  RNA  is  a  minor  constituent  cf  ribosomal  RNA  whose  function  is  yet 
unknown.  However,  complete  nucleotide  sequences  of  this  RNA  have  been 
determined.  Other  investigators  showed  that  there  are  as  many  copies 
of  5s  RNA  genes  as  ribosomal  RNA  genes  (5-6).  Whether  there  is  a  specific 
initiation  and  termination  site  before  or  after  each  copy  of  5s  RNA 
genes  is  not  known.  Furthermore,  in  this  case  it  will  be  relatively 
less  difficult  to  identify  the  transcription  product  thereby  facilitat¬ 
ing  understanding  of  the  mechanism  of  transcription  of  isolated  genes. 

The  isolation  of  5s  RNA  genes  was  accomplished  by  concomitant 
hybridization  of  5s  RNA  and  tRNA  with  DNA  and  separation  of  unhybridized 
DNA  from  hybrid  by  hydroxyapatite  column  chromatography.  After  four 
such  cycles  each  RNA  was  separately  hybridized  and  further  purified  by 
repeated  column  chromatography. 

Characterization  of  5s  RNA  genes  shows  the  homology  and  conserva¬ 
tion  similar  to  tRNA  among  various  species  of  bacteria.  There  is 
essentially  no  homology  with  £.  coll  tRNA  whereas  there  is  considerable 
homology  with  ribosomal  RNA. 

Using  highly  enriched  DNA  dependent  RNA  polymerase  and  purified 
tRNA  and  5s  RNA  genes,  the  transcription  products  have  been  obtained. 

This  product  has  been  analyzed  at  the  present  time  for  Its  size, 
sequence,  conformation  and  biological  functionality. 

5.  Structural  Studies  of  Nucleic  Acids. 

In  order  to  correlate  the  structures  of  nucleic  acids  to  their 
function  jnd  further  acquire  better  knowledge  of  the  nature  of  inter¬ 
action  of  protein  and  nucleic  acid,  a  systematic  scuuy  has  been  under¬ 
taken.  An  atlas  of  nucleotide  sequences  or  all  known  RNA  was  compiled 
in  order  to  facilitate  these  studies.  The  construction  of  this  atlas 
was  based  upon  the  knowledge  of  nucleotide  sequences,  their  conforma¬ 
tion,  the  physical  properties,  their  chemica1  activity  and  biological 
functions  of  these  RNA's. 
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These  studies  are  further  extended  to  construct  three  dimen¬ 
sional  atomic  models  of  some  of  the  nucleic  acids. 

Another  project  was  initiated  to  differentiate  the  hydrogen 
bonded  regions  of  RNA  from  non-hydrogen  bonded  regions.  The  main  idea 
behind  this  project  is  to  employ  a  nuclease  wnich  is'relatively  specific 
for  single-stranded  RNA.  An  endonuclease  isolated  and  purified  from 
Nei^ospora  crassa  has  such  activity.-  In  the  preliminary  experiments 
purified  tRNA  was  used  as  a  substrate.  The  initial  experiments  were 
very  encouraging. 

6.  The  Effect  of  High  Doses  of  Vitamin  C  on  Male  Reproductive 
Function. 

It  has  recently  been  suggested  that  Vitamin  C  be  ingested  in 
large  amounts  to  prevent  sickness  and  improve  general  health.  A  simple 
procedure  such  as  the  above  Is  potentially  very  useful  in  the  Army.  It 
has  also  been  shown  that  large  quantities  of  Vitamin  C  can  cause  steril¬ 
ity  in  rats  when  injected  intramuscularly.  Ten  rats  and  6  guinea  pigs 
are  now  on  a  pilot  diet  study  whfere  they  Ingest  large  amounts  of  Vita¬ 
min  C.  The  testicles,  urinary  bladder,  and  kidneys  will  be  histo¬ 
logically  examined  at  the  termination  of  the  program  to  determine  what, 
if  any,  damage  has  been  done  to  the  above  organs. 

7.  Interaction  of  Small  Molecules  and  Ions  with  Biological  Mem- 
branes . 


Previous  investigation  by  many  workers  has  shown  that  membranes 
do  not  merely  act  as  passive  filters.  Cation  pumps,  permeases,  and  in 
certain  instances,  enzymes  of  metabolic  pathways  have  been  associated 
with  intact  membranes  and  membrane  fractions. 

Small  ion  interactions  have  been  studied  and  the  influence  of 
anesthetics  and  ATP  on  Ca+2  binding  and  configuration,  respectively, 
have  similarly  been  undertaken.  Manery  has  further  delinated  the  bind¬ 
ing  sites  of  Ca+2  using  45ca. 

The  erythrocyte  membrane  was  chosen  as  a  model  system  since 
preparation  is  relatively  simple  and  almost  pure  intact  ghosts  are  ob¬ 
tained.  This  membrane  exhibits  Na+  -  K+  stimulated  ATPase  activity, 
Mg+i- Educed  ATPasa  activity  as  well  as  enzymatic  activities  of  the  EMP 
pathway.  The  presence  of  these  enzyme  centers  coupled  with  work  pub¬ 
lished  on  soluble  enzymes  and  proteins  using  fluorescent  probe  mole¬ 
cules  and  spin  label  probes  as  an  index  of  configurational  changes  was 
the  basis  for  the  use  of  such  probes  to  examine  membrane  interactions 
under  controlled  conditions.  Intrinsic  tryptophase  fluorescence  was 
also  followed. 
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Ghost  preparations  were  either  used  intact  or  perturbed  by  using 
phospholipases  A,  C,  D  and  neuraminidase,  and  Ca+?  was  added  as  an  added 
perturbation.  With  the  fluorescent  probe,  2-p-toluiainyl -6-naphthalene- 
sulfonate  (TNS),  which  binds  to  lipophilic  regions  of  the  membrane,  a 
statistical  binding  constant  for  the  intact  ghosts  qf  10"6m  was  found. 
Neither  digestion  nor  neuraminidase  action  significantly  changed  the 
results.  Phospholipase  A,  however,  .seems  to  shift  the  emission  maximum 
of  membrane  tryptophane.  Added  calcium  increases  the  quantum  yield  of 
TNS,  but  also  shows  little  difference  in  binding.  Calcium  has  no  effect 
on  either  the  quantum  yield  or  emission  and  absorption  maxima  of  membrane 
tryptophane. 

The  spin-label  probe,  4-male1mido-2,2,6,6-tetramethylpiper1dino- 
oxyl,  was  attached  to  membranes  intact  and  enzymatically  treated.  An 
increase  of  "free"  spin-label  is  evident  in  phospholipase  A  treated 
ghosts.  Other  phospholipases  and  neuramlndase  exhibit  patterns  similar 
to  the  intact  membranes. 

The  fluorescent  probe,  5-dlmethyl ami  nonaphthalene-1 -sulfonic 
acid  (DNS),  as  the  acid  chloride,  was  covalently  attached  to  free  basic 
amines  in  the  membrane.  Lipid  extraction  and  thin-layer  chromatography 
shows  this  probe  attached  to  the  membrane  phosphatidyl  ethanolamlne 
fraction.  Also,  DNS  attached  to  membrane  protein. 

A  concentrated  effort  has  just  begun  using  the  latter  probe  in 
conjunction  with  ATP  configurational  influences.  Drug  blocking  agents 
for  the  EMP  pathway  influence  ATP  levels  in  erythrocytes  in  vivo,  and 
this  study  could  possibly  elucidate  more  fully  the  roles  oT  such  block¬ 
ing  agents  in  pathological  circumstances. 

8.  The  Effect  of  Alcohol  on  the  Mechanism  of  Transfer  of  Hydrogen 


Knowledge  on  the  mechanism  of  transfer  of  hydrogen  equivalents 
in  the  form  of  NADH  across  mitochondrial  membranes  is  fundamental  to 
the  understanding  of  the  pathogenesis  of  alcohol-induced  hypoglycemia, 
alcoholic  fatty  liver,  and  perhaps  alcoholic  cirrhosis.  Moreover,  it 
is  significant  for  the  understanding  of  the  mechanism  of  production  of 
hyperlacticemia  in  various  disease  processes. 

Other  investigators  observed  that  intact  liver  mitochondria  do 
not  oxidize  externally  added  NADH.  It  has  therefore  become  generally 
recognized  that  hydrogen  equivalents  in  the  form  of  NADH  do  not  direct¬ 
ly  traverse  the  mitochondrial  inner  membrane.  A  number  of  indirect 
substrate  "shuttle"  systems  have  been  proposed  to  explain  the  known 
physiological  transfer  of  hydrogen  equivalents  to  and  from  the  intra- 
mltochondrial  space.  Borst  has  suggested  a  substrate  shuttle  system 
which  involves  oxido-reduction  catalyzed  by  malate  dehydrogenase, 
coupled  with  transamination  catalyzed  by  aspartate  aminotransferase 
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on  both  sides  of  the  mitochondrial  membranes;  i.e.,  equations  1-10, 
where  o  and  i  denote  outside  and  inside  the  mitochondrial  membrane 
respectively. 


OxaloacetateQ  +  NADHQ  +  HQ 


malate,,  +  NAD„ 
o  '  o 


Mai  ate. 


malate^ 


Malate^  +  NAD^ 


oxaloacetate^  +  NADH.  +  H. 


Oxaloacetate^  +  glutamate^ a-oxoglutarate^  + 
aspartate.. 

Aspartate .  aspartateQ 
AspartateQ  +  a-oxoglutarate0*^.  oxaloacetateQ  + 
glutamateQ 

GlutamateQ^9  glutamate- 

a-Oxoglutarate^  a-oxoglutarateo 

NADH.  +  Hi+  +  1/2  02  — *  NADi+  +  HgO 

Sum:  NADH.  +  H„+  +  1/2  0,  — *  NAD  *  +  H,0 
0  0  2  0  2 


Previous  studies  have  shown  that  the  above  scheme  as  suggested 
by  Borst  can  be  very  active  in  isolated  rabbit  liver  mitochondria  and 
that  the  oxidation  of  externally  added  NADH  can  compete  effectively  with 
the  synthesis  of  phosphoenolypyruvate  from  glutamate.  Extramitochondrlal 
NADH  was  not  oxidized  by  liver  mitochondria  when  added  alone  or  when 
glutamate  and  aspartate  were  also  present.  However,  when  aspartate 
aminotransferase  and  malate  dehydrogenase  were  added,  extramltochondrial 
NADH  was  rapidly  oxidized,  and  the  oxidation  of  glutamate  was  markedly 
reduced.  External  NADH  was  not  oxidized  in  the  absence  of  added  aspar¬ 
tate  aminotransferase.  However,  the  requirement  for  added  malate  de¬ 
hydrogenase  was  only  partial.  Furthermore,  increasing  amounts  of  added 
aspartate  stimulated  the  oxidation  of  extramltochondrial  NADH  and  in¬ 
creased  the  inhibition  of  glutamate  oxidation.  These  experiments 
strongly  support  the  hypothesis  that  the  antiglucogenic  effect  of 
ethanol  In  fasted  animals  is  due  to  a  competition  between  cytosolic  NADH 
generated  in  the  oxidation  of  ethanol  and  intramitochondrial  NADH  pro¬ 
duced  during  the  oxidation  of  glucogenic  amino  acids  in  the  citric  acid 
cycle,  with  the  result  that  the  net  flow  of  precursors  to  oxaloacetate 
and  phosphoenol pyruvate  is  diminished. 
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The  fact  that  tne  substrate  "shuttle"  system  suggested  by  Borst 
has  been  made  to  work  In  vitro  encourages  the  belief  that  It  operates 
in  vivo.  Since  the  in  vivcTMD/NADH  ratio  in  the  cytosol  of  liver  of 
welT-fed  rats  has  been  estimated  to  be  100-fold  more  oxidized  than  the 
ratio  inside  the  mitochondrion,  recently  experiment^  were  conducted 
to  test  whether  such  a  redox  gradient  can  be  achieved  in  the  recon¬ 
structed  system  which  was  studied.  Preliminary  data  Indicate  that  NAD/ 
NADH  ratio  in  the  extramitochondrlaT  compartment  as  high  as  535  could 
be  achieved  when  the  intramitochondrial  NAD/NADH  ratio  was  kept  at  4  by 
incubation  of  rabbit  liver  mitochondria  at  20  yi*i  2,4-dlnitrophenol. 
Presumably,  this  was  accomplished  by  the  asymmetrical  distribution  of 
one  or  more  of  the  substrates  across  the  mitochondrial  inner  membrane 
in  the  following  relationship: 

(NAD0)/(NADH0)  .  (<.KS0)(Aspo)(Glu1)(Mal1)(H0t) 

IW^tNADH,)  («K61)(A$p1)(S)u0)(M«l0)(H1,») 

Continued  investigation  on  this  substrate  "shuttle"  system  In¬ 
dicates  that  rat  liver  mitochondria  behave  similarly  as  rabbit  liver 
mitochondria.  Recently,  the  effect  of  butylmalonate  on  this  "shuttle" 
mechanism  In  rat  liver  mitochondria  was  studied.  Butylmalonate,  being 
a  specific  Inhibitor  of  malate-phosphate  exchange  translocator  In  the 
Inner  membrane  of  rat  liver  mitochondria,  was  found  to  be  effective  in 
inhibiting  the  transfer  of  hydrogen  equivalents  across  this  membrane. 
Other  known  inhibitors  of  malatetranslocation  such  as  mersalyl  and 
formaldehyde  are  being  tested.  Sutaldehyde,  a  product  of  ethanol  oxi¬ 
dation,  will  also  be  tested. 

9.  Studies  on  the  Mechanism  of  Radioprotection. 

a.  Studies  of  the  Correlation  between  Structure  a!?d  Function 
of  the  Ami nothiol  ftadioprote'etants.  The  effect  of  varying  chafo 
length  in  8-mercaptoethyl amine  (mEA)  was  studied  in  bacterial  and 
mammalian  systems.  In  contrast  to  mammalian  systems,  no  abrupt  re¬ 
duction  in  radioprotection  was  observed  when  the  carbon  chain  separat¬ 
ing  amino  and  thiol  groups  was  lengthened  from  three  to  four  or  more 
units.  From  both  bacteriological  and  free  radical  studies,  the  data 
indicate  a  gradual  reduction  in  efficacy  with  no  change  in  mechanism 
of  action  either  in  oxygen  or  nitrogen  as  might  be  expected  for  a  homo¬ 
logous  series. 

These  findings  suggest  that  the  amjncthiels  protect  by 
specific  interactions  with  cell  components  in  addition  to  acting  via  a 
more  general,  non-specific  radical  sea  enging  and/or  repair  mechanism. 
In  mammalian  systems  (mice)  at  the  radiation  and  drug  doses  employed, 
only  MfcA  showed  a  rad iopro tec ti ve  effect.  This  result  is  in  marked 
contrast  t>*  those  of  previous  studies  >n  bacteria  where  pharmacological 
effects  were  avoided  and  only  physical -chemical  effects  were  studied. 
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b.  Effects  of  Sulfhvdryl  Dissociation  on  Free  Radicals  Stabil¬ 
ized  by  y- Irradiated  Frozen  Aqueous  Solutions  of  Cysteamine.  Whereas 
the  last  stable  radical  formed  in  y-irradiated  frozen  aqueous  pH  =  2 
cysteamine  solutions  is  the  well-known  organosulfur  radical,  the  hereto¬ 
fore  unidentified  radical  formed  in  pH  =  9  solutions  gives  a  triplet 
electron  spin  resonance  (ESR)  spectrum.  Several  distinct  radical  species 
appear  to  cause  the  pH  =  9  spectrum.  It  is  primarily  a  1:2:1  triplet 
together  with  an  underlying  broad  si-ngl et ,  and  a  small  contribution 

from  the  organosulfur  radical.  The  yield  and  stability  of  the  triplet 
vary  with  the  thiolate  anion  concentration  prio^  to  freezing.  This 
fact,  together  with  other  ESR  characteristic-,  le-ds  one  to  tentatively 
identify  the  triplet  as  a  pH  stabilized  precursor  to  the  organosulfur 
radical,  an  excited  state  neutral  sulfur  radical  RS\ 

c .  The  Microwave  Power  Saturation  of  y-Iradiation  Irduced 
G1  ycy  1  g  1 lyc i ne  Radicals.  A  technique  has  been  developed  whereby  the* 
shape  of  the  first  derivative  electron  spin  resonanc  (ESR)  spectra 
observed  for  y-irradiated  glycylglyclne  can  be  used  to  estimate  incident 
power  in  ESR  experiments  in  the  0.1  to  10  mW  range.  The  technique  ' 
proposed  as  one  means  to  determine  that  power  saturation  is  being 
avoided  when  power  measuring  devices  are  not  available  for  obtaining  a 
classical  power  saturation  curve. 

d.  Radiation  Energy  Migration  in  Bone  and  Bone  Simulations. 
Preliminary  investigations  nave  been  initiated  in  cooperation  with  LTC 
Brady  of  USAIDR  to  use  ESR  to  study  radiation  energy  transfer  in  bone 
and  synthetic  bone  simulations.  It  has  been  shown  that  ESR  centers  in 
irradiated  bone  persist  for  extended  time  periods  and  moreover  that 
energy  initially  deposited  in  the  hydroxyapatite  matrix  can  migrate  to 
the  protein  component  resulting  in  additional  radiation  damage  to  this 
protein. 

The  initial  ESR  study  has  characterized  the  radicals  stabil¬ 
ized  by  amorphous  calcium  phosphite  irradiated  in  vacuo  at  77°K  and 
subsequently  annealed.  It  is  planned  to  determine  the  nature  of  free 
radical  interactions  when  the  proteins,  bovine  or  trypsin,  are  adsorbed 
to  the  inorganic  matrix  and  to  study  the  effect  of  tetracycline  on  this 
energy  transfer.  It  has  been  shown  that  tetracycline  administration 
can  markedly  reduce  radiation  damage  in  oone  when  it  is  administered 
immediately  following  irradiation.  These  ESP  studies  were  designed  to 
test  the  hypothesis  that  tetracycline  intercepts  migrating  long-lived 
radicals  initially  formed  in  the  inorganic  matrix  which  would  otherwise 
cause  radiation  damage  in  bone  protein. 

10.  Phototoxicity  Studies. 

a .  Reduction  of  WR-7930  Phototoxicity  by  Adminis tration  of  MEA 
Prior  to  Exposure  to  UV  Light'  -  A ‘Study 'to  Test  the  free  "Radical  Inter¬ 
mediate  Hypothesis  (in  collaboration  with H.  GrehahV  Div  of  Med  Chem). 


Hie  first  product  during  the  UV  photolysis  of  the  quinoline  Methanol, 
UR-7930,  is  a  hydroxyl  free  radical  frcm  the  Methanol  function.  If  such 
a  reaction  were  to  proceed  in  vivo,  the  observed  phototoxicity  Might  be 
the  result  of  an  indiscriminate  reaction  of  such  hydroxyl  radicals  with 
critical  cellular  oacrcMOlacules.  Thus  the  situation  wculd  be  quite 
sieilar  to  the  "indirect  effect”  of  ionizing  radiation  in  cellular 
systems.  Consequently,  if  a  radioprotective  dose  of  the  aninothiol, 

MEA  were  administered  immediately  before  c'Y  irradiation  of  mice  which 
tad  received  a  phototoxic  dose  of  UR-7930,  the  phototoxic  effect  of  the 
quinoline  methanol  should  be  markedly  inhibited. 

When  the  mice  were  examined  immediately  after  irradiation  and 
during  the  next  two  days  no  difference  was  noted  in  the  phototoxic  re¬ 
sponse  ofmice  which  tad  received  UR-7930  whether  or  not  MEA  was  adminis¬ 
tered  prior  to  irradiation. 

Several  conclusions  :an  be  drawn  frem  this  study.  Since  MEA 
injected  intraperitonea 11 y  has  its  maximal  radioprotective  effect  during 
the  first  15  minutes  after  i.iiec  ion,  it  is  possible  that  any  photo¬ 
toxic  protection  obtained  during  tnis  time  was  masked  by  subsequent 
damage  during  the  following  1-3/4  hours.  However,  since  no  phototoxic 
protection  at  all  was  noted  in  mice  receiving  MEA,  this  is  unlikely. 

More  probably  the  results  indicate  that  any  GH*  radicals  released  by 
UR-7S30  are  formed  in  such  proximity  to  their  biological  target  molecule 
that  the  scavenging  effect  of  IffA  cannot  intervene.  Such  a  mechanism 
appears  likely  in  view  of  the  proposed  antvaalanal  mechanism  of  action 
which  involves  intercalation  of  UR-7930  within  DMA.  In  this  regard, 
it  is  perhaps  pertinent  chat  methtaypso  aien,  a  potent  phototoxic  drug, 
has  been  shown  to  form  intet'strand  cojss  links  in  the  DNA  a-iielix. 

Such  an  interaction  between  eecn  end  of  the  molecule  and  the  DNA  strands 
could  proceed  by  a  free  radical  mechanism.  A  similar  phenomenon  occurr¬ 
ing  between  UR-7930  and  DMA  would  account  for  the  ineffectiveness  of  MEA 
reducing  pi  ototoxicity. 

b.  A  Study  of  the  Free  Radicals  Induced  at  77CK  with  HR-7930 
in  Methanol  Vi  Irradiated  with  ??$0  A  Light.  As  yet,  only  free  radicals 
at_tKe-g^_I7Cri)ri:eg?o?rni7e  beeo  detected.  It  is  likely  that  these 
radicals  are  related  to  the  phototoxic  effect  described  above.  Although 
a  definite  fluorescence  has  beer,  observed  during  UV  irradiation  at  77°K 
thus  dawns tra ting  the  e/istence  cf  a  triplet  st3te,  attempts  at  demon¬ 
strating  the  triplet  by  cSR  have  not  fceee  successful. 

SUMMARY. 

All  the  major  groups  of  £;  iercbacteri3ceee  iia^e  veer-  investigated 
in  their  nucleic  acid  re^tedress  to  several  strains  of  Escherichia 
coli,  with  Shigella  a  no  AUalescens-Dvspar  strains,  in  addition  to 
other  E.  coTi  strains,  showing  the  highest  degree  of  re’iatedness,  80X 
or  more,  whereas  the  other  enterobacter ia  tested  nave  a  relatedness  of 


iess  than  SOX  to  that  of  £.  coli .  in  addition  it  has  best  shown  that 
pathogenic  and  non- pathogenic  strains  of  an  individual  genera  may  be 
grouped  by  their  nucleic  acid  sequence  relatedness,  the  pathogenic 
strains  exhibiting  less  divergence  than  the  non-pathogens.  The  technol¬ 
ogy  of  separating  single-stranded  and  double-stranded  DNA  and  DNA/RNA 
hybrid  preparations  from  hydroxyapatite  has  been  improved  considerably 
leading  to  the  preparation  of  a  "DNA-grade"  hydroxyapatite  by  the  manu¬ 
facturer,  thus  leading  to  more  standard  methods  with  either  small  or 
large  DNA  and  RNA  preparations.  Characterization  of  purified  tRNA  genes 
show  that  these  genomes  are  very  highly  conserved  in  several  microorgan¬ 
isms,  however,  thereis  nc  homology  with  E.  coli,  5s  or  ribosonal  RNA  or 
yeast  and  rat  liver  tRNA.  Using  labelled  tRNA  and  hybridization  with 
pure  genes  it  has  been  possible  to  show  that  there  are  3-4  cistrons  per 
DNA  frcgment  and  further  that  tRNA  genes  are  mostly  contiguous.  The 
transcription  product  of  isolated. tRNA  genes  competed  out  with  tRNA  for 
hybridization  with  E.  coli  DNA,  thus  showing  that  in  vitro  synthesis  of 
tRNA  sequences  is  accomplished.  A  novel  procedure  for  isolation  of 
DNA: tRNA  hybrid  by  digestion  of  single- stranded  DNA  with  Neurospora 
endonuclease  was  developed.  5s  RNA  genes  from  E.  coil  have  also  been 
isolated  and  characterized.  There  are  4-5  copies  of  this  gene  in  5:. 
coin  The  nucleotide  sequence  analysis  of  the  transcription  product  of 
pure  5s  RNA  genes  is  in  progress. 

An  atlas  of  known  nucleotide  sequences  of  RNA's  was  constructed. 
8ased  on  these  data  and  other  physico-chemical  information  regarding 
these  RNA‘s  a  three  dimensional  model  of  RNA  is  being  constructed. 

The  effect  of  high  doses  of  Vitamin  C  on  male  reproductive  function 
in  animals  is  being  pursued. 

Using  spin-labelled  densyl  compounds  and  fluorescent  probes,  and 
other  OMS  derivatives,  the  interaction  with  biological  membranes  was 
pursued.  Their  site  of  attachement,  involvement  in  enzymatic  reactions 
and  the  metabolic  effects  was  studied. 

In  order  to  better  understand  the  mechanism  of  alcohol  addiction, 
the  effect  of  alcohol  on  tne  mechanism  of  transfer  of  hydrogen  equiva¬ 
lents  across  liver  mitochondrial  membranes  was  studied.  The  metabolic 
involvement  of  ethanol  in  the  electron  transport  system  and  tne  energy 
yielding  mechanism  cf  liver  mitochondrial  membranes  was  investigated. 

When  tne  effect  of  varying  cha^n  lengths  in  MEA  as  radioprctectants 
were  studied  in  bacterial  and  mammalian  systems,  it  was  observed  that 
aminothiols  protect  by  specific  interactions  win  cell  components  in 
addition  .x  general  non-specific  radical  scavenging  ard/o*-  repair 
mechanism.  In  addition,  the  effect  of  sulfhydr/1  dissociation  on  free 
radicals  stabilized  by  ganna-irradiated  frozen  aqueous  solutions  of 
cystamine,  the  microwave  power  saturation  of  ganma-i eradiation  induced 


glycylglycine  radicals  and  the  radiation  energy  migration  in  bone  and 
bone  simulation  studies  were  pursued. 

The  reduction  of  UR-7930  (an  antimalarial )  phototoxicity  by  adminis¬ 
tration  of  MEA  prior  to  exposure  to  UV  light  was  pursued  in  order  to 
test  the  free  radical  Intermediate  hypothesis.  The  preliminary  results 
show  that  any  OH*  radicals  released  by  WR-7930  may  be  in  such  proximity 
to  their  biological  target  molecule  that  the  scavenging  effect  of  MEA 
cannot  intervene. 
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IS.  TECHNIC  \L  OBJECTIVE.*  K  *RRRO*CM,  IS.  RRO«R(U  *r  •/  ■) 

23.  (U)  This  work  is  directly  related  to  safeguarding  the  health  of  the  Army  against 

communicable  diseases.  Its  objective  is  explanation  of  mechanisms  of  action  of  clini¬ 
cal  or  investigational  drugs  for  the  cure  or  prevention  of  communicable  diseases  of 
military  importance,  for  example,  malaria.  From  this:  explanation  of  relationships  be¬ 
tween  chemical  structure  and  medicinal  activity  of  drugs,  formulation  of  principles 
for  the  design  of  new  or  improved  drugs  for  which  there  is  a  military  need,  and  ways  to 
overcome  natural  insensitivity  or  acquired  resistance  to  drugs  in  disease-producing 
microorganisms . 

2*4.  (U)  Experimental  studies  at  3  levels ‘of  biological  organisation:  1.  Biophysical 

studies  on  the  interaction  of  drug  molecuJ.es  with  their  hiopolymer  sites  of  action.  2. 
Biochemical  studies  of  the  functional  consequences  resulting  from  the  above  interac¬ 
tions.  3.  In  vivo  studies  of  the  manifestations  of  the  above  events  on  the  physiology 
and  population  dynamics  of  intact  microbial  cells. 

25.  (U)  70  07  -  71  06  DMA-complex ing  substances  (antimalarials ,  antimicrobials,  dyes) 

dispLaue  methyl  green  from  its  complex  with  DNA.  Rates  and  endpoints  of  this  reaction 
afford  measures  of  affinities  of  such  chemotherapeutic  substances  to  their  site(s)  of 
action;  they  are  also  proportional  to  biochemical  and  genetic  effects  of  such  compounds 
Njtroacridir.e  35B2  kills  susceptible  microorganisms  by  blockade  of  DMA  biosynthesis. 

It  has  lessor  effect  or.  RNA  and  protein  synthesis.  -  A  typical  antimal ari al  naphtho¬ 
quinone  inhibits  active  transport  of  nutrients  into  or  out  of  susceptible  microbial 
cello-  For  technical  report  see  Walter  Reed  Army  Institute  of  Research  Annual  Progress 
Report,  1  Jul  70-30  Nun  71. 
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Description. 


Experimental  research  studies  in  depth  on  the  molecular  pharmacology, 
biochemistry,  biophysics,  microbial  physiology  and  biochemical 
genetics  of  the  actions  of  antimicrobial  drugs,  especially  anti- 
malarials,  with  a  view  to  elucidating  principles  of  modes  and 
mechanisms  of  drug  action  at  the  primary  level,  explaining  phenomena 
of  acquired  drug  resistance  and  offering  conceptual  guidance  to  both 
improved  methods  of  chemotherapy  of  infections  with  existing  drugs 
as  veil  as  rational  development  of  novel  chemotherapeutic  substances. 


Progress  and  Results, 


1.  Mode  of  Action  of  Chloroquine.  Complex  formation  with  nativa 
double-helical  DNA  through  intercalation  has  been  recognized  as  the 
mechanism  of  antimicrobial  action  of  chloroquine;  structure-activity 
rules  for  antimalarial  action  developed  in  this  laboratory  have  stood 
the  test  of  quantitative  regression  analysis  and  molecular  orbital 
calculation  by  others.  But,  the  detailed  point-counter-point 
determination  of  the  binding  of  the  drug  to  DNA  still  remains  to  be 
worked  out.  For  this  purpose,  the  structure  of  chloroquine  in 
solution  h?s  been  further  investigated  by  nuclear  magnetic  resonance 
spectroscopy  (NMR).  Initial  studies  to  determine  the  importance  of 
ionic  charge  in  stabilizing  an  interaction  between  chloroquine  and 
DNA  in  aqueous  solutions  utilizing  NMR  were  hampered  by  the  fact  that 
the  moncprotonated  species  of  chloroquine  is  not  soluble.  Since  any 


of  the  ionic  species  may  be  involved  in  an  interaction  with  DNA,  the 


effect  of  each  ionic  form  on  the  conformation  of  chloroquine  must  be 


determined.  These  studies  are  feasible  in  nonaquecus  solvent  systems. 
When  trifluoroacetic  acid  (TFA)  is  added  to  methylene  chloride 
solutions  of  chloroquine  (CQ)  until  the  TFA/CQ  molar  ratio  reaches 
1:1,  the  spectral  parameters  indicate  that  protonation  occurs  at  the 
diethylamino  nitrogen  atom;  continued  addition  of  TFA  causes  a  second 
protonation  to  occur  at  the  heterocyclic  nitrogen  atom.  The  results 
also  indicate  that  the  aliphatic  chain  of  the  monoprotonated  species 
has  formed  a  7-membered  ring  as  a  result  of  a  hydrogen  bond  between 
the  diethylamino  proton  and  the  L-amino  nitrogen  atom.  Further 
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protonation  of  CQ  restores  the  open-chain  structure. 


The  proton  exchange  rates  of  the  protonation  equilibria  indicate  that 
the  aliphatic  chain  of  the  free  base  chloroquine  must  alEO  exist  as  a 
ring-like  structure.  To  confirm  this  hypothesis  and  define  exactly 
the  conformation  of  the  monoprotonated  species  would  require  a 
conformational  study  giving  atomic  dimensions  similar  to  x-ray 
spectroscopic  results.  Until  recently  such  structure  determinations 
in  solution  were  not  possible;  however,  current  development  in  MMR 
now  makes  such  detailed  analyses  possible  by  the  use  of  contact  shift 
reagents . 

The  effect  such  reagents  have  on  NMR  signals  comes  as  a  result  of 
binding  of  these  reagents  to  N,  S  and  0  atoms  in  a  molecule  and  sub¬ 
sequent  effects  on  spectral  parameters  is  related  to  structure  by  the 
following  equation 

A6  = 


where  Afi  is  a  shift  in  a  spectral  parameter,  r  is  the  vector  distance 
between  the  bound  shift  reagent  and  various  proton  nuclei  in  a 
molecule  such  as  chloroquine,  and  0  is  the  angle  between  a  molecular 
e/is  and  the  line  defined  by  the  vector  distance  r.  If  the  parameters 
g  and  0  are  known,  then  r  is  determined  and  the  structure  of  a  molecule 
in  solution  is  known. 

A  study  of  the  binding  of  Tris  (dipivalomethanato)-praseodymium  to 
chloroquine  was  undertaken  in  order  to  determine  the  precise  structure 
of  the  free  base,  monoprotonated  and  diprotonated  forms  of  the  drug. 
Spectrophotometric  studies  of  the  binding  interaction  of  CQ  with 
praseodymium  up  to  10:1  molar  ratios  of  Pr(dpm)^  concentration  to  CQ 
concentration  indicated  a  single  binding  site.  NMR  studies  indicate 
that  binding  site  to  be  at  the  heterocyclic  nitrogen  atom.  Since 
the  distances  between  praseodymium  and  the  protons  on  the  hetero¬ 
cyclic  and  carbocyclic  ring  are  fixed  and  known  from  their  changes  in 
chemical  shift,  the  exact  position  of  the  praseodymium  attached  to  the 
heterocyclic  nitrogen  atom  can  be  calculated  determining  the  6  and  0. 

Using  computer  techniques  the  atomic  coordinates  of  praseodymium 
bound  to  CQ  have  been  determined.  From  the  relative  changes  in  the 
shifts  of  the  aliphatic  proton  signals  the  structure  of  the  aliphatic 
chain  in  the  free  base  is  being  calculated.  This  procedure  is  being 
used  to  determine  the  conformation  of  the  other  ionic  species  of 
chloroquine.  With  this  information,  studies  to  elucidate  the  confor¬ 
mation  of  CQ-nucleic  acid  complexes  and  the  forces  stabilizing  them 
will  be  possible. 

2.  Mode  of  Action  of  One  Anti-malarial  Naphthoquinone.  It  has 
previously  been  concluded  that  the  abrupt,  total  and  simultaneous 
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inhibition  of  in  vivo  synthesis  of  RNA,  DM,  protein  and  cell  wall 
polymer  by  2-hydroxy- 3-cyclohexylpropy 1-1, k-naphthoquinone  in 
Bacillus  megaterium  points  to  an  effect  of  the  drug  on  membrane- 
centered  energy  supplying  reactions  and/or  transport  of  essential 
nutrients.  Experiments  measuring  the  uptake  of  urqcil-lkC  into  tne 
intracellular  pool,  as  well  as  its  incorporation  into  RNA,  revealed 
that  naphthoquinone  blocked  the  entry  of  radioactive  uracil  into  cells 
of  B.  megaterium.  The  accumulation  of  alpha-methyl-D-glucoside-lUC, 
a  nor, '.metabolizable  analog  of  glucose,  was  only  slightly  inhibited,  an 
observation  attributed  to  this  compound  being  transported  by  a  phos- 
phoenolpyruvate-dependent  phosphotransferase  system  rather  than  by  an 
adenosine  triphosphate-linked  accumulation  mechanism.  Cellular  ATF 
pool  levels  were  not  lowered  by  exposure  of  cells  to  naphthoquinone, 
however,  naphthoquinone  drastically  uncoupled  phosphorylation  from 
oxidation  in  cell- free  extracts .  Apparently  the  drastic  shutdown  of 
energy-requiring  biosynthetic  reactions  has  a  sparing  action  on  the 
ATP  pool.  In  addition,  glucose  may  continue  to  be  utilized  fermenta¬ 
tively,  thus  maintaining  a  supply  of  ATP.  The  inhibition  of  active 
transport  of  nutrients  by  naphthoquinone  in  spite  of  the  presence  of  a 
large  pool  of  intracellular  ATP,  presumably  accessible  as  an  energy 
source  for  permease  action,  suggests  that  transport  may  be  mediated 
by  a  high-energy  respirctory  chain  precir. sor  and  not  by  ATP.  With 
respect  to  the  action  of  naphthoquinone,  it  is  significant  that  the 
entire  content  of  vitamin  K,  a  respiratory  naphthoquinone  thought  to 
participate  in  oxidative  phosphorylation  by  acting  as  an  intermediate 
phosphate  carrier  between  electron  transport  and  the  final  phosphory¬ 
lation  of  ADP,  is  exclusively  localized  in  the  membrane  of  B.  megaterium. 
An  uncoupling  or  inhibition  of  respiration-linked  phosphorylations  by 
naphthoquinone  might  alter  the  supply  of  energy  in  such  a  manner  as 
to  preclude  macromolscular  biosyntheses,  as  well  as  the  transport  of 
essential  metabolites.  The  work  on  this  project  has  been  completed 
and  a  final  report  in  the  form  of  a  research  article  is  in  press. 


3.  Mode  of  Action  of  Primaquine.  Although  the  8-aminoquinolines  are 
the  oldest  synthetic  antimalarial  drugs,  they  have  seen  the  least 
amount  of  study  of  their  mode  of  action.  Incorporation  of  ^P-ortho- 
phosphate  into  the  nucleic  acids  of  two  plasmodia  was  reported  in 
1961  to  be  only  slightly  affected  by  8-aminoquinoline  antimalarials 
and  more  recent  studies  in  tetrahymena,  temperature-shocked  into 
synchronous  growth,  have  not  demonstrated  a  specific  biochemical  mode 
of  action  of  primaquine.  The  major  obstacle  in  the  study  of  primaquine's 
mode  and  mechanism  of  action  had  remained  the  unavailability  of  a 
convenient  drug- sensitive  test  micro-organisms;  bacteria  had  been 
considered  to  be  insensitive  to  primaquine.  We  have  found  that  the 
growth  of  a  strain  of  Bacillus  megaterium  is  prevented  by  a  minimal 
inhibitory  concentration  of  52  micrograms  per  ml  (2  X  10“^  M)  of 
primaquine.  When  exponentially  growing  cultures  received  primaquine 
to  a  concentration  of  6  X  10"^  M,  the  rate  of  growth  was  drastically 
reduced  and  no  further  growth  occurred  after  15  min  of  drug  exposure. 
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Approximately  40  per  cent  of  the  cells  were  killed  during  one  doubling 
time  (45  min).  Supplying  primaquine  to  cultures  30  min  after  the 
addition  of  radioactive-labeled  leucine  or  phenylalanine,  diamino- 
pimelic  acid,  uracil,  or  thymidine,  caused  an  immediate  and  complete 
inhibition  of  protein  biosynthesis.  The  formation  of  cell  wall 
polymer  and  RNA  proceeded  at  the  rate  established  prior  to  the  addition 
of  drug,  and  no  inhibition  of  DNA  biosynthesis  occurred  for  at  least 
15  min.  This  pattern  of  inhibition  of  macromoleoular  biosyntheses 
suggests  that  the  major  in_  vivo  action  of  primaquine  in  B.  megaterium 
is  to  block  protein  synthesis.  It  is  typically  encountered  with  broad- 
spectrum  antibiotic  inhibitor?  of  protein  biosynthesis  but  primaquine 
is  the  first  major  synthetic  drug  discovered  to  act  in  this  manner. 

Studies  are  under  way  to  pinpoint  the  reaction  step  in  protein  syn¬ 
thesis  which  is  affected  by  primaquine. 

4 .  Displacement  of  Methyl  Green  from  DM  by  DNA-Complexing  Drugs. 
Antimalarial  (chloroquine,  quinacrine,  quinine,  quinoline  methanols) , 
anti schistosomal  (miracil  D),  antileishmanial  (berberine)  and  anti¬ 
trypanosomal  drugs  (ethidium  bromide,  berenil)  as  well  as  topical  or 
systemic  antibacterial  acridines  (acriflavine ,  Entozon)  all  act  by 
forming  complexes  with  DNA  and  inhibiting  microbiological  key  processes 
in  which  DNA  must  participate.  Some  of  these  drugs  act  as  mutagens, 
antimutagens  or  eliminators  of  episomal  R-faetors.  The  investigation 
of  the  various  actions  of  such  chemotherapeutic  substances  requires, 
therefore,  the  determination  of  their  affinity  for  DNA  as  well  as  of 
the  extent  (stoichiometry)  of  their  binding  to  uNA.  We  report  that 
such  determinations  were  made  conveniently  and  simply  by  measuring, 
spectrophotometrically ,  the  rates  and  extents  to  which  chemotherapeutic 
drugs  displace  the  histological  dye,  methyl  green,  from  its  stable 
complex  with  DNA.  The  colored  form  of  methyl  green  is  stable  in  its 
complex  with  native,  double-helical  DNA  but  unbound  methyl  green 
undergoes  a  spontaneous  molecular  rearrangement  into  a  colorless 
isomer.  Displacement  of  raethy'  green  from  its  complex  with  DNA  re¬ 
sults,  therefore,  in  a  progressive  leer*. use  in  absorbancy  at  642  nm, 
the  absorption  maximum  of  the  dye,  in  DM-aethy]  green  drug  mixtures. 

In  decreasing  order  of  rate  constants  and  endpoints,  the  following 
chemotherapeutic  drugs  cited  in  this  Annual  R-uort,  displaced  methyl 
green  from  DNA:  quinacrine,  eth’dium  bromide,  Nitroakridin  35^c, 
distumycin  A,  miracil  D,  chloroquine  and  b>-t'!  «  r i no •  Displacements  by 
primaquine  and  quinine  were  negligible,  f'u’e  displacements,  parti  :u- 
larly  by  compounds  which  displaced  methyl  green  rapidly  and  almost 
completely,  changed  from  an  iritie1  f  i  r-st -order  to  a  .subsequent  second- 
order  kinetic  course  while  for  others  a  reaction  order  could  not  be 
established  unambiguously.  Substances  wi.jcti  i nd  tv.  DNA  by  intercala¬ 
tion  displaced  methyl  green  at  more  rapid  rates  and  to  larger  extents 
than  did  nonintercalators .  Methyl  green  i  t.celJ  is  not  considered  to 
bind  to  DNA  by  intercalation.  We  suggest  that  the  release  of  methyl 
green  from  DNA  is  caused  by  local  unwind  in.'  ,4  the  double  helix. 

5.  Mode  of  Action  of  Ni troakridin  Results  reported  in  last  year's 
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Annual  Progress  Report  suggested  that  the  inhibition  of  DNA  biosynthesis 
was  not  completely  responsible  for  the  bactericidal  effect  of  3582. 
Specifically:  (l)  Exponential  loss  of  viability  was  produced  by  the 
drug  in  bacteria  suspended  in  buffered  saline.  (2)  Accelerated  loss 
of  viability  in  metabolizing  cultures  was  produced^  by  concentrations  of 
3582  in  excess  of  those  which  were  sufficient  to  block  DNA  biosynthesis 
entirely.  (3)  Bactericidal  concentrations  of  3582  inhibited  not  only 
DNA  biosynthesis  but  also  RNA  and  protein  biosynthesis.  Among  various 
alternative  explanations,  one  is  the  assumption  that  intercalation  of 
3582  (and  perhaps  of  other  drugs)  causes,  by  itself,  irreversible 
damage  to  DNA.  Consequently,  the  growth- inhibitory  effect  of  3582 
has  been  studied  in  strain  E.  coli  3110  T~  and  in  a  mutant  of  this 
strain  (POL  A”)  which  lacks  DNA  polymerase  I  (Kornberg's  repair 
enzyme).  The  repair-deficient  mutant  was  much  more  sensitive  to  the 
bactericidal  action  of  3582  than  was  the  parent  strain.  This  suggests 
that  failure  or  the  ability  to  repair  DNA  which  has  been  exposed  to 
intercalator  chemotherapeutic  drugs  may  be  a  prime  determinant  of 
greater  or  lesser  sensitivity.  The  nature  of  the  intercalation 
damage  and  of  its  repair  is  nov  under  study. 

6.  Mode  of  Action  of  Distamycin  A.  We  reported  last  year  the  forma¬ 
tion  of  a  molecular  complex  of  DNA  with  the  antibiotic  distamycin  A. 

This  subject  has  since  come  under  intensive  study  in  ether  laboratories. 
We  report  that  the  DNA-distamycin  complex  can  not  be  dissociated  by 

1.0  M  NaCl,  0.1  M  Mg  acetate,  6  M  urea,  12  M  formamide  or  C.001  M 
silver  ion.  Likewise,  dialysis  against  Tris  buffer  or  even  against 
1  per  cent  sodium  lauryl  sulfate  fails  to  displace  distamycin  from 
DNA.  Finally,  enzymatic  hydrolysis  of  the  DNA-distamycin  complex  with 
deoxyribonuclease  I  failed  to  restore  absorption  spectrum  of  free 
distamycin.  These  findings  suggest  that  distamycin  becomes  bound  co¬ 
valently  to  DNA.  Although  the  change  in  distamycin' s  spectrum  upon 
contact  with  DNA  is  instantaneous,  others  report  that  it  requires 
10  min  preincubation  of  distamycin  with  DNA  before  the  antibiotic 
exhibits  its  full  activity  as  a  DNA  template  poison.  Since  distamycin 
preferentially  stabilizes  AT-rich  DNA  to  heat  denaturation,  we 
hypothesize  that  the  antibiotic  binds  either  to  deoxyguanylic  acid 
but  more  probably  to  thymidyli c  acid  in  DNA.  This  is  now  under  test. 

7.  Mode  of  Action  of  L-cycloserine.  L-cycloserine  is  the  synthetic 
enantiomer  of  the  natural  antibiotic  D-cycloserine.  The  D-compound 
inhibits  the  biosynthesis  of  the  bacterial  cell-wall  polymer  by  virtue 
of  being  a  structural  analog  and  antimetabolite  of  D-alanine.  We 
found  that  L-cycloserine  inhibits  the  growth  of  E.  coli  in  mineral 
glucose  medium  but  only  marginally  in  brain-heart-infusion  broth  (BHI). 
Graded  quantities  of  BHI  added  to  mineral  medium  reverse  proportionally 
the  oscteriostatic  action  of  L-cycloserine.  The  drug  does  not  inhibit 
cell-wail  biosynthesis,  as  found  earlier  in  our  laboratory.  Based  on 
the  structural  analogy  between  L-cycloserine  and  the  natural  amino 
acid  L-aianine,  we  hypothesized  that  the  drug  was  an  L-alanine 
antagonist,  probably  in  protein  synthesis.  In  fact,  the  bacterial 


growth  rate  which  was  reduced  by  sutinhibitory  concentrations  of 
L-cycloserine  could  be  restored  to  that  of  a  drug-free  control  culture 
by  supplying  an  excess  of  L-alanine  to  the  inhibited  culture.  D-alanine, 
likewise,  restores  the  growth  rate.  This  is  probably  explained  by  the 
^act  that  E.  ooli  possesses  an  active  alanine  racemase  which  ivrtercon- 
verts  the  two  enantiomers  of  alanine.  The  hypothesis  that  L-cycloserine 
is  a  specific  inhibitor  of  protein,  biosynthesis  in  competition  with 
L-alanine  is  under  test. 


8.  Effects  of  Quinaerine  on  Reaction  Steps  in  Protein  Synthesis. 

While  the  principal  antimicrobial  effect  of  quinacrine  is  due  to  the 
drug's  binding  to  DNA  and  inhibition  of  DNA  biosynthesis,  it  has  a 
definitive  but  smaller  side  effect  on  protein  biosynthesis.  Quina¬ 
crine  inhibits  the  polycondensation  of  phenylalanine  in  an  E.  coli 
ribosome-polyuridylic  acid  cell-free  model  system  of  protein  synthesis. 
The  synthesis  of  phenylalany 1-transfer  RNA  is  only  slightly  affected 
by  quinacrine  and  the  poly  U-directed  binding  of  phenylalanly-tRNA 
to  ribosomes  is  unaffected.  It  is  concluded  that  quinacrine  acts 
directly  on  ribosomes  and  on  some  ribosome-mediated  step  in  protein 
synthesis.  Indeed,  ribosomes  alter  the  absorption  spectrum  of 
quinacrine,  quinacrine  labilizes  ribosomes  to  heat,  and  an  excess 
of  ribosomes  reverses  the  drug's  action  on  polyphenylalanine  formation. 


Conclusions. 

Structures  of  the  different  ionic  species  of  chloroquine  have  been 
determined  by  nuclear  magnetic  resonance  spectroscopy  using  prasebdym- 
ium  as  a  contact  shift  reagent.  One  antimalarial  naphthoquinone 
inhibits  active  transport  of  metabolic  precursors.  Primaquine  is  a 
specific  inhibitor  of  protein  biosynthesis  in  sensitive  micro¬ 
organisms.  DNA-complexing  chemotherapeutic  drugs  displace  methyl 
green  from  its  complex  with  DNA,  offering  a  convenient  method  to 
determine  affinity  and  stoichiometry  to  drug  binding  to  DNA.  Nitro- 
akridin  3582  causes  a  lesion  in  DNA  by  ccmplexing  with  the  polymer; 
ability  or  inability  to  repair  this  lesion  determines  lesser  or 
greater  sensitivity  to  the  drug.  Distamycin  A  forms  n  covalent 
complex  with  DNA,  possibly  by  reaction  with  thymidvlie  acid.  L-cyclo¬ 
serine  inhibits  growth  of  E.  coll  in  synthetic  media  in  competition 
with  its  structural  analog  L-aianine.  Quinacrine,  as  a  side  effect, 
inhibits  prottin  synthesis  at  the  ribosomal  level  of  the  reaction 
sequence. 
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23 .  (U)  Selected  studies  with  the  common  objective  of  rendering  the  drug  treatment  of 

communicable  diseases  of  military  importance  either  (l)  safer,  or  (2)  effective  in 
those  instances  in  which  multiple  drug  resistance  is  encountered  or  emergence  of 
resistance  to  individual  drugs  is  predictable. 

2t.  (U)  Experimental  studies  on  (1)  elimination  of  circular  DNA  episomes  from  bacteria 

by  DN,\-complexing  compounds  and  determination  of  the  rate  of  epic omul  DNA,  (2)  nature 
of  complexes  of  biologically  active  compounds,  for  example,  antimuiar ials ,  with  circular 
DMAs,  (3)  molecular  genetics  of  the  action  of  quinacrine  and  other  antinutagens  and  of 
their  apparent  ability  to  block  microbial  natations  to  drug  resistance  in  vitro. 

25.  (U)  70  07  -  71  06  P.uinacr  ine  forms  an  intercalation  complex  with  superhelical  DNA 
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Project;  3A061102B71P  BASIC  RESEARCH  IN  SUPPORT  OF  MILITARY  MEDICINE 
Task  01,  Biochemistry 

Work  Unit. 07k,  Molecular  basis  of  biological  regulation 
Investigators. 

Principal:  Fred  E.  Hahn,  Ph.D. 

Associate:  CPT  Richard  G.  Allison,  MSC;  Jennie  Ciak,  M.S.; 

Anne  K.  Krey,  M.S.;  Alan  D.  Wolfe,  Ph.D. 

Description. 

A  work  unit  comprised  of  experimental  research  studies  in  molecular 
biology  concerned' with  the  physiology,  biochemistry,  biophysics  and 
molecular  genetics  of  the  title  processes  with  a  view  to  elucidating 
mechanisms  underlying  biological  events  of  special  importance  to 
military  medicine,  for  example,  currently,  the  biological  role  of 
supercoiled  DNA  in  micro-organisms ,  the  influence  of  chemicals  on 
DNA’s  function  as  a  carrier  of  heredity  and  the  perturbation  of 
ribosomes  by  planar  heterocyclic  compounds. 

Progress  and  Results. 

1.  Conformational  Changes  in  Superhelical  DNA  Produced  by  Quinacrine 
and  Quinine.  Alteration  of  the  superhelical  density  of  supercoiled 
DNA  by  drug  molecules  is  known  to  be  largely  a  property  of  drugs  which 
bind  to  DNA  and  produce  changes  in  the  biophysical  properties  of  DNA 
usually  interpreted  by  an  intercalation  model.  The  greater  sensitivity 
of  the  sedimentation  and  viscosity  properties  of  superhelical  DNA,  as 
compared  to  linear  DNA,  co  intercalation  drugs,  suggests  that  it  be 
used  as  a  system  for  investigating  the  effect  and  the  intercalating 
properties  of  antimalarials  and  other  drugs  that  might  bind  by  this 
mechanism.  The  effect  of  ethidium  bromide  (EB)  on  polyoma  virus  DNA 
has  been  previously  reported.  However,  miligram  quantities  of  super¬ 
helical  DNA  needed  to  routinely  study  drugs  by  this  method  are  not 
realistically  available  from  polyoma  virus.  The  DNA  needed  is  now 
prepared  in  sufficient  amounts  from  bacteriophage  PM2.  We  have  found 
that  ethidium  br. aside  demonstrates,  quantitatively,  identical  effects 
on  the  sedimentation  of  PM2  DNA.  The  sedimentation  properties  of  PM2 
DNA  in  the  presence  of  quinacrine  and  quinine  were  examined  by  con¬ 
ventional  ultracentrifugation  techniques.  Quinacrine  produces' 
alterations  of  the  sedimentation  coefficient  of  PM2  DNA  equivalent  to 
those  produced  by  ethidium  bromide.  Conversion  to  an  open  circular 
form  occurs  at  a  drug-( added)-to-DNA-Phosphate  ratio  (D/P  ratio)  of 
0.03^.  Maximum  inversion  of  the  ;perhelical  coils,  estimated  by 
increased  sedimentation  rate,  i  obtained  at  the  D/P  ratio  of  0.069. 
These  values  .do  not  differ  sip-  .ficantly  from  those  obtained  for  EB 
by  others  and  confirmed  by  us  on  PM2  DNA.  Quinine  also  alters  the 
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sedimentation  properties  of  PMc  DNA.  These  changes  were  observed  up 
to  as  experimentally  limiting  D/P  ratio  of  0.2  where  difficulties  were 
encountered  due  to  the  high  concentration  of  quinine.  Extrapolation 
to  the  D/P  ratio  which  would  correspond  to  the  open  circular  form  can 
be  used  to  predict  that  this  conversion,  if  indeed  possible,  will  not 
occur  at  a' D/P  ratio  less  than  0.5. 

2.  Elimination  of  Spisomes  by  Drugs  Intercalating  into  DNA.  Episoraal 
elements  of  bacteria  such  as  the  F  factor  or  resistance  determinants 
can  be  eliminated,  e.g.  in  E.  coli ,  by  treatment  with  aminoacridine 
drugs.  Since  these  drugs  form  complexes  with  DNA  by  intercalation, 

we  assumed  that  other  intercalative  drugs  would  also  eliminate  epi- 
somes  by  conformational  changes  in  circular  episomal  DNA.  We  reported 
earlier  that  the  F*  lac  ep  is  cane  from  E.  coli  was  eliminated  in  a 
decreasing  order  of  potency  by  a  series  of  antimalarial  DNA-complexing 
drugs.  We  hypothesized  that  the  ability  to  eliminate  or  "cure"  certain 
episomal  determinants  is  a  group  property  of  DNA  intercalators . 

_E.  coli  K-12,  RS-2  containing  R-factors  for  chloramphenicol,  kanamycin, 
streptomycin,  sulfadiazine  and  ampicillin  was  grown  in  the  presence  of 
acridine  orange,  ethidium  bromide,  quinacrine,  chloroquine,  quinine, 
berberine,  methylene  blue  and  p-rosaniline  at  concentrations  of  10"4  M. 
The  cultures  were  then  plated  on  drug  free-agar  and  agar  containing, 
individually,  the  above  antibacterial  drugs.  Individual  R-factors 
showed  marked  differences  in  their  susceptibility  to  elimination  by 
DNA-complexing  compounds.  Chloramphenicol  and  kanamycin  resistance 
determinants  were  eliminated  by  the  strong  intercalators,  ethidium 
bromide,  quinacrine  and  acridine  orange.  The  R-f actor  for  ampicillin 
was  partially  cured  by  ethidium  bromide  and  quinacrine.  Berberine, 
for  which  intercalation  has  recently  been  shown,  exhibited  borderline 
curing  activity  for  kanamycin  and  chloramphenicol.  The  quinolines, 
chloroquine  and  quinine,  were  less  active  and  eliminated  the  kanamycin 
factor  only.  Methylene  blue  which  binds  to  DNA  in  a  manner  suggestive 
of  the  possibility  of  intercalation  shoved  no  curing  activity  at  the 
standard  concentrations.  However,  at  a  much  higher  concentration 
there  was  marginal  curing  for  the  chloramphenicol  factor.  p-Rosaniline 
which  does  not  intercalate  was  devoid  of  activity.  Resistance  to 
streptomycin  and  sulfadiazine  could  not  be  eliminated  under  our  standard 
test  conditions.  In  the  past  year,  during  a  hospital  outbreak:  of 
serious  infections,  a  strain  of  Klebsiella  was  discovered  to  harbor  a 
transferable  R-factor  for  gentamicin.  Studies  are  now  in  progress  to 
determine  whether  intercalative  drugs  are  capable  of  "curing" 

Klebsiella  of  the  gentamicin  R-factor. 

3 .  Enhancement  of  Thermal  Disassemblage  of  Ribosomes  by  Intercalator 
Drugs .  The  selected  DNA  intercalants ,  quinacrine,  chloroquine, 
Nitroakridin  3502  and  ethidium  bromide,  in  direct  proportion  to  their 
planar  heterocyclic  area,  reduce  the  stability  of  E.  coli  ribosomes  to 
heat.  Since  results  suggested  chat,  in  general,  DNA  inter calants  will 
reduce  ribosome  stability,  a  total  of  fourteen  assumed  intercalants 
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were  tested  for  their  ability  to  increase  the  hyperchromic  rates  of 
ribosomes  melting  at  a  constant  temperature  (5 2°C).  The  two  in ter¬ 
cel  ants  with  the  largest  total  planar  area,  propidium  iodide  and 
ethidium  bromide,  were  most  active,  while  those  intercalants  with  the 
smallest  total  planar  area,  the  quinolines,  chloroquine  and  quinine, 
were  the  least  effective.  Only  one  compound,  quinine,  at  the  low 
concentration  of  2  X  10"5  M,  failed  to  labilize  ribosomes.  Additionally, 
intercalants  enhanced  thermal  disassembly  of  ribosomes  in  direct 
relation  to  the  fraction  of  drug  which  bound  to  super coiled  DNA 
unwinds  it  to  open  circles  (Waring,  M. ,  J.  Mol.  Biol.  5^:2k7 ,  1970). 
Finally,  isopycnic  centrifugation  of  ribosomes  in  the  presence  of 
ethidium  bromide  or  propidium  iodide  induced  ribosome  disassembly 
with  separation  of  proteins  from  RNA  and  formation  of  "core  particles" 
with  sedimentation  coefficients  of  25s  and  Uls.  Isopycnic  centrifuga¬ 
tion  of  ribosomes  was  carried  out  in  approximately  5  M  CsCl  which 
restricts  binding  of  ethidium  or  propidium  to  nucleic  acids  to  inter¬ 
calation.  Our  results  are  consistent  with  the  hypothesis  that  hetero¬ 
cyclic  drugs,  including  the  antimalarials  quinacrine  and  chloroquine, 
bind  by  intercalation  to  ribosomal  RNA  and  reduce  the  stability  of 
ribosomes. 

Conclusions. 

Quinacrine  and  quinire  pro  aoe  cc  •'"igurational  transitions  in  super¬ 
helical  DNA  indicativ-  of  intercalation  and  suggestive  of  conversion 
of  DNA  into  nonfunctic.  el  puptrcoi.k..  Intercalative  drugs,  foremost 
quinacrine  and  ethidiu.fi  bromide,  eliminate  certain  drug  resistance 
determinants  from  bactei  i  il  epis^os.  Flat  heterocyclic  intercalator 
substances  enhance  thermal  disassembly  of  ribosomes,  probably  by  an 
intercalation-type  binding  to  ribosomal  RNA. 
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23.  (U)  Studies  emphasize  control  of  vectors  of  arbovirus  and  parasitic  diseases  of 
military  significance.  Objectives  are  incrimination  of  vectors  and  understanding  of 
host-parasite  relationships  initially,  understanding  of  vector  biology  and  disease 
transmission  mechanisms  ultimately  in  order  to  develop  more  effective  control  procedures 

24.  (u)  Invertebrate  vectors  and  vertebrate  reservoirs  and  hosts  are  collected  in 
areas  known  disease  activity.  Infection  rates  are  determined,  as  are  flight  ranges, 
blood  meal  sources,  breeding  habits,  and  other  biological  characteristics.  Other  bio¬ 
logical  processes,  such  as  pathogen  transmission,  flight  physiology,  and  diapause  are 
studied  in  the  laboratory. 

25.  (u)  70  07  -  71  06.  Over  100,000  mosquitoes  collected  in  an  area  in  Maryland 
endemic  for  arbovirus  disease.  All  collection  data  obtained  since  January  1969  analyzed 
to  establish  patterns  of  distribution  and  movement.  Blood  meal  sources  determined  for 
over  2000  mosquitoes  collected.  Vector  potential  ratings  assigned  to  species  studied. 
Nearly  200  mammals  examined  for  antibodies  to  California  encephalitis  virus,  percent 
positives  ranged  from  0  to  40$,  varying  with  species  «vd  area  collected.  Three  uniden¬ 
tified  virus  isolates  obtained  from  Aedes  canadensis,  one  from  A.  vexans.  Relationship 
of  temperature  and  photoperiod  to  diapause  in  two  potential  U.S.  arbovirus  vectors 

dote rained.  Trypanosoma  congolense  successfully  transmitted  by  tsetse  flies  under 
laboratory  conditions.  For  technical  report  see  Walter  Reed  Army  Institute  of  Research 
Annual  Progress  Report,  1  Jul  70  -  30  Jun  71. 
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Description 


This  task  involves  field  and -laboratory  studies  of  the  relation¬ 
ship  between  selected  arthropods  and  various  aspects  of  their  natural 
environment,  especially  tbr..e  aspects  relating  to  certain  pathogenic 
organisms,  their  hosts,  and  their  reservoirs.  Included  are  ecological 
and  physiological  studies  on  arthropods,  studies  of  transmission  mech¬ 
anisms  and  the  development  of  improved  methods  of  control  of  arthropods 
of  medical  importance. 

Progres : 

1.  Eastern  Maryland  Arbovirus  Study 

a.  Introduction.  A  program  to  investigate  the  ecology  of 
arthropod-borne  virus  diseases  in  swamp  habitats  of  eastern  Maryland  has 
been  underway  for  several  years  by  investigators  au  WRAIR.  Until  last 
year,  the  emphasis  had  been  on  isolation  of  virus  agents  from  inverte¬ 
brate  and  vertebrate  animals.  Last  year,  intensive  entomological  studies 
were  begun,  with  an  emphasis  on  population  dynamics  and  feeding,  opposi¬ 
tion,  and  flight  habits  of  the  most  abundant  specios  occurring  in  the 
swamp,  and  especially  those  species  yielding  virus  isolates.  This  report 
covers  field  data  accumulated  since  last  year's  annual  progress  report 
and  also  results  of  data  analyses  made  since  that  time.  For  sake  of 
convenience  results  of  field  collections  made  in  Delaware  and  Afghanistan 
are  also  reported  here.  Strictly  virologic&l  aspects  of  this  program 
are  reported  under  Project  3AQ6 11023710^  Coranunicabl  •  Disease  and  Im¬ 
munology,  Work  Unit  1 66,  Viral  Infections  of  Man.  For  background  of  the 
overall  study,  and  a  &  tailed  description  of  the  study  site,  see  WRAIR 
annual  reports  for  previous  years. 

b.  Objectives.  The  entomological  aspects  of  the  study  sought 
to  study  the  possible  role  of  species  other  than  Cull sett  aslanura 
Coquill.'tt  as  vectors  of  mosquito-borne  virus  diseases  in  tKeTPocomoke 
bypress  Swamp,  In  addition  to  evidence  of  present  involvement  as  vec¬ 
tors,  evidence  was  sought  pertaining  to  factors  which  relate  to  poten¬ 
tial  involvement.  These  factors  include:  flight  range,  seasonal 
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occurrence,  susceptibility  to  virus  infection,  host  preference,  daily 
activity  patterns,  and  larval  breeding  habitats.  Until  these  factors 
can  be  fully  evaluated  for  the  most  abundant  species  occurring  in  en¬ 
demic  areas,  the  likelyhood  of  involvement  of  other  vertebrates,  in¬ 
cluding  man,  in  virus  transmission  under  altered  ecological  or  climatic 
conditions  cannot  be  assessed. 

c.  Methods.  The  same  5  major  habitat  types  (macrohabitats) 
present  in  the  Pocomoke  Cypress  Swamp,  Maryland  were  sampled  in  1970  as 
in  the  previous  year:  Closed  swamp,  open  swamp,  upland  forest,  marsh, 
and  farmland  areas  transitional  between  these  types  were  also  sampled. 
Collection  sites  were  numbered  arbitrarily  as  shown  in  Fig.  1.  Macrohabi¬ 
tats  were  again  sampled  weekly  for  mosquito  larval  breeding  and  presence 
of  adult  mosquitoes.  Collection  techniques  included  light  traps  augmented 
with  solid  00b,  human  biting  collections  and  sweeping  collections.  En¬ 
gorged  females  were  identified  and  frozen  for  virus  isolation  after  the 
abdomens  had  been  cut  off  and  saved  for  precipitin  test  identification 

of  the  blood  meal.  Unengorged  females  were  identified  and  frozen  with¬ 
out  dissection.  Collection  records  were  coded  on  a  standard  machine 
data  punching  format  (ViRAMC  Form  1200)  and  all  data  were  stored  on 
magnetic  tape  for  machine  data  processing. 

d.  Results 

1 

(l)  Mosquito  population  studies 

(a)  Larval  surveys 

During  the  period  January-December  1970,  collections 
of  mosquito  larvae  were  made.  Table  1  lists  the  species  collected  by 
month.  Collections  consisted  of  14,196  mosquito  larvae  comprising  21 
species.  Collections  were  made  from  established  sites  in  5  ecologically 
diverse  areas.  The  sites  sampled  were  the  same  as  those  sampled  in 
1969  (see  WRAIR  Annual  Progress  Report  for  17  70).  The  5  most  abundant 
species  collected,  in  order  of  decreasing  abundance,  were:  Aedes 
canadensis,  Culex  territans,  Culiseta  melanura,  Culex  restuans,  and 
Aedes  vexans"  5Ee  results  of  the  larval  surveys  demonstrated  again  that 
the  distribution  and  abundance  of  larval  mosquitoes  among  habitats  with¬ 
in  and  around  the  swamp  are  not  necessarily  correlated  with  the  distri¬ 
bution  and  abundance  of  adult  mosquitoes.  The  univoltinism  of  Aedes 
cantator  in  this  area  was  again  confirmed,  as  was  the  phenological 
relationship  between  Culex  saljnarlus  and  C.  restuans  -  the  former  ap¬ 
peared  in  the  swamp  approximately  one  month  later  than  the  latter  species. 

(b)  Adult  Collections 

Included  in  last  years'  annual  progress  report  were 
results  of  collections  made  during  the  period  March-September  1969* 
Collections  have  been  processed  and  identified  new  for  the  period 
September  1969  -  May  1970.  During  1969,  346,691  adult  mosquitoes  were 
eventually  captured  and  during  1970,  through  May,  93>3$9  adults  were 
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captured  and  identified.  No  testing  of  1970  pools  for  vixnxs  has  been 
accomplished  to  date.  Aedes  canadensis  continues  to  be  the  mosquito 
most  frequently  captured  by  far,  accounting  for  92$  of  the  mosquitoes 
captured  in  1970.  As  collections  from  later  in  the  y§ar  are  identified, 
however,  this  percentage  should  drop  considerably.  > 

(c)  Analysis  of  mosquito  collection  data  from  1969 

In  order  to  assess  quantitatively  the  validity  of  the 
5  habitat  types  selected  in  1969  for  sampling  mosquito  populations,  the 
1969  light  trapping  data  were  transformed  to  natural  logarithms  of  in¬ 
dividuals  captured  per  trap  night.  Analyses  of  variance  were  then  per¬ 
formed  on  the  data  for  the  4  dominant  species.'  Two  sites  from  each 
habitat  were  selected  for  analysis  which  were  considered  to  be  repre¬ 
sentative  of  the  5  habitat  types  sampled  (Tables  2  and  3).  Data  from 
sites  located  in  areas  transitional  between  habitats  were  not  analyzed. 

In  all  but  one  instance  differences  between  habitats  and  between  weeks 
were  found  to  be  highly  significant.  There  were  no  significant  differ¬ 
ences  between  habitats  and  between  weeks  were  found  to  be  highly  significant. 
There  were  no  signi^  "ant  difference  found  between  trapping  sites  within 
the  same  habitat .  1‘ru  one  exception  was  Aedes  cantator,  for  which  dif¬ 
ferences  among  habitats  were  found  not  significant. 

It  can  be  seen  by  inspection  of  Table  2  that  there  are  obvious  dif¬ 
ferences  in  capture  rates  among  the  species.  While  found  commonly 
throughout  the  swamp  and  surrounding  areas,  Aedes  canadensis  had  a 
significantly  lower  capture  rate  (p=  .05)  at  the  two  least  Bhaded  sites 
(i5  and  17).  Larvae  were  found  in  standing  water  at  virtually  all  of 
the  sites,  especially  in  the  spring,  and  could  be  found  year-aroimd. 

(Fig.  2). 

Culiseta  melanura  had  significantly  lower  capture  rates  (p=  .05  in 
up1 and  forest  sites  (lO  and  ll),  cultivated  area  sites  (14  and  13)  and 
in  swamp  sites  closest  to  the  river  (l  and  2).  The  pattern  of  larval 
distribution  conformed  roughly  to  the  pattern  of  adult  captures. 

C.  melanura  larvae  were  present  in  the  swamp  all  year,  but  they  were 
never  collected  outside  the  swamp.  Adults  of  Culex  salinarius  were  most 
abundant  on  the  southwest  periphery  of  the  swamp  "(sites  l4,  15,  16,  17) 
and  scarcest  in  the  interior  of  the  swamp.  There  was  little  correlation 
between  adult  and  larval  abundance,  larvae  being  found  most  numerous  in 
the  northern  part  of  the  swamp  after  the  heavy  mid-summer  rains,  and  in 
sites  outside  the  swamp. 

Aedes  cantator  adults  were  more  evenly  distributed  than  those  of 
the  other  dominant  species.  In  general,  the  largest  collections  occurred 
on  the  southwest  periphery  of  the  swamp,  the  smallest  in  the  northern 
part  of  the  swamp.  Too  few  larvae  were  collected  to  establish  a  definite 
distribution  pattern,  but  the  largest  numbers  were  collected  near  site  1, 
the  poorest  adult  site. 
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Most  of  the  remaining  species  could  be  placed  into  one  of  four 
basic  distributional  patterns:  (l)  Swamp  species;  larvae  and  adults 
found  virtually  only  within  the  swamp  --Aedes  atlanticus ,  A.  inflrmatus, 

A.  aurifer,  A.  thibaulti,  Qrthopodomyia  signlfera,  Toxorhynchites 
rutilus  septertr ion  alls  and  Uranotaenla  sapphirina.  '(2)  Peripheral 
species;  a  Suits  occur  in  largest  numbers  in  the  periphery  of  the  swamp, 
larvae  found  more  frequently  outside  of  the  swamp  than  within  -- 
Anopheles  crucians -bradleyi ,  An.  punctipennis,  Culex  erraticus , 

C.  pipiens ,  Psorophora  ciliata  and  P.  confinnig*  (3)  ^'Invader"  species; 
those  for  which  no  evidence  of  larval  breeding  could  be  found  in  the 
swamp,  but  were  present  as  adults  --  A.  sollicitans,  A.  taeniot hynchus , 
and  An.  quadrimaculatus .  (4)  Undetermined;  species  that  either  showed 

no  preference  or  were  seldom  collected  --  most  others  with  the  exception 
of  Mansonia  perturbans.  Circumstantial  evidence  pointed  to  it  being  a 
swamp  or  peripheral  species,  but  lar  ae  were  not  collected  in  or  near 
the  swamp. 

Among  the  factors  which  determine  the  vector  potential  of  various 
mosquito  species  is  their  distribution  in  time  and  space.  The  larval 
stages  of  mosquitoes,  being  relatively  sedentary,  are  confined  to  gener¬ 
ally  well  defined  aquatic  habitats  which  can  be  roughly  correlated  with 
patterns  of  vegetation,  especially  those  patterns  which  are  produced  as 
a  result  of  e’.aphic  factors.  Adult  mosquitoes,  on  the  other  hand,  are 
mere  motile,  and  their  distribution  in  space  may  or  may  not  conform  to 
the  distribution  of  the  larval  stages.  If  suitable  larval  habitats  are 
present  in  one  type  of  area,  but  suitable  blc^d  feeding  hosts  are  scarce 
or  absent,  adult  females  must  migrate  from  their  breeding  areas  to  other 
areas  in  order  to  obtain  blood  necessary  for  reporduction.  We  sought 
to  examine  the  relation  of  both  larval  and  adult  mosquito  stages  to  the 
major  ecological  habitats  present  in  the  vicinity  of  the  swamp,  in  an 
attempt,  to  discover  the  potential  of  the  various  mosquito  species  to 
introduce  arbovirus  into  the  swamp  as  well  as  to  export  virus  from  the 
swamp. 

The  analyses  of  variance  confirmed  that  inter-habitat  differences 
in  adult  collecting  rates  differed  significantly  for  the  four  species 
analyzed,  whereas  ir^rahrbitat  differences  were  not  significant.  That 
these  differences  were  not,  ir.  each  instenee,  merely  reflections  of  dif¬ 
ferences  in  larval  distribution,  can  be  seen  by  examining  species  such 
as  Culex  sa.i  inarius  where  adult  and  larval  distributions  varied  con¬ 
siderably.  Such  differences  in  distribution  may  be  attributable  in  part 
to  differences  in  collecting  methods  used,  but  in  many  cases  actual 
migration  from  breeding  areas  apparently  took  place,  a  conclusion  which 
was  reinforced  by  the  results  of  the  blood  meal  identifications  (see 
following  section).  Adult  and  larval  distribution  of  Culex  terrltans,  for 
example,  corresponded  closely.  Adult?  tended  to  remain  close  to  their 
primary  breeding  area  probably  because  frogs,  their  preferred  host,  were 
present  in  abundance  there.  Culer  salirarius  ’'dul-s,  on  the  other  hand, 
apparently  dispersed  from  areas  of  heavy  breeding  within  the  swamp  to  other 
areas,  especially  those  adjacent  areas  to  the  south  wh^re  their  preferred 
hurts  (domestic  mammals)  were  more  abundant.  Adult  females  of  Culiaeta 
melanura  were  present  in  giea.’  .st  numbers  Within  the  swamp  iabitsts. 


This  is  consistent  with  the  availability  of  birds  in  the  swamp  where  the 
f.r.reatest  abundance  of  mosquito  larvae  are  present.  This  is  probably  a 
major  factor  in  the  confinement  of  EEE  and  WEE  to  swamp  habitats  in  the 
-astern  US  during  non-epizootic  periods.  An  extreme  situation  is  de¬ 
monstrated  by  the  collection  of  adult  Aedes  so.1  licitans,  A.  taeniorhynchus, 
and  Anopheles  quadrimaculatus  in  the  swamp  wher^  they  were  never  found 
ir  the  larval  stage.  It  is  difficult  to  say,  however,  whether  they  are 
attracted  into  the  swamp  by  the  adult  collecting  technique  (light  +  C0a ) 
or  by  '../sis  which  occur  in  the  swamp.  The  results  of  the  blood  feeding 
study  show  that  these  species,  although  primarily  mammal  feeders,  will 
feed  on  birds  and  reptiles,  both  of  which  are  common  in  the  swamp.  A 
mechanism  for  "spillover"  of  virus  from  the  swamp  to  areas  inhabitated 
by  man  and  domestic  animals  is  thus  present,  probably  dependent  upon  un¬ 
usually  large  populations  of  "invader"  species  entering  and  leaving  tt ± 
swamp. 


From  the  standpoint  of  spatial  distribution,  the  tendency  ir.  and 
around  the  swamp  is  toward  aggregation  of  adult  mosquitoes  in  large 
measures  as  a  function  of  differences  in  host  preferences  and  avail¬ 
ability.  This  aggregation  is  exaggerated  somewhat  by  the  use  of  CC^ - 
augmented  light  traps  which  are  biased  toward  blood-seeking  females. 

The  effect  of  this  aggregation  on  arbovirus  transmission  is  toward  high 
transmission  rates  within  the  .swamp  where  Culiseta  melanura  and  birds 
reach  peak  densities,  and  low  transmission  rates  in  surrounding  areas. 

The  seasonal  population  peaks  of  many  mosquito  species • in  the 
swamp  are  roughly  synchronous  and  occurred  in  1969  during  the  period  of 
peak  virus  isolation  in  mosquitoes.  All  recoveries  of  EEE  and  WEE  from 
C.  melanura  were  from  mosquitoes  collected  15  July  -  8  September, 
although  serological  evidence  from  sentinel  quail  indicate  that  trans¬ 
mission  was  occurring  at  least  from  mid- June  through  late  October  (re¬ 
ported  elsewhere  in  this  report). 

The  1969  midsummer  peaks  of  Aedes  canadensis,  A.  atlanticus,  Culex 
salinarius  and  Psorophora  ferox  seem  clear ~y  related  to  the  heavy  July 
and  August  rains.  Some  common  mosquitoes  have  seasonal  distributions 
which  did  not  conform  to  this  pattern,  however.  Aedes  cantator  adults 
: cached  peak  density  in  the  spring  and  were  present  in  very  low  numbers 
■  .ring  the  summer.  This  observation  is  in  contrast  to  reports  of  its 
being  e  multivoltine  species  in  other  areas.  Aedes  vexans  and  Mansonia 
pert, urbans  captures  peaked  in  early  summer,  and  although  they  could  be 
involved  in  early  season  virus  transmission,  they  would  be  of  little 
.irRi  u-tance  as  vectors  during  peak  periods  of  virus  transmission. 

(2)  Mosquito  blood  meal  determinations 

Blood  meal  determinations  were  made  on  engorged  mosquitoes 
biv  Afghanistan,  Delaware  and  the  Pocomoke  Cypress  Swamp,  Maryland. 
.'pvoi.mens  were  collected  using  a  variety  of  technique^.  including  CDC 
miniature  light  traps  with  and  without  dry  ice,  D-vae® vacuum  sweeps 
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around  caged  animals,  resting  box  collections,  Malaise  traps,  net  sweeps 
and  human  biting  collections.  The  trituration  and  testing  of  engorged 
mosquitoes  followed  the  techniques  of  Tempelis  and  Lofy  (l).  Only  anti¬ 
sera  with  a  minimum  homologous  titer  of  1:10,000  and  no  crossing  with 
heterologous  antigens  at  1:1,000  were  used.  All  screening  antisera  were 
prepared  in  rabbits  and  specific  antisera  ir.  roosters.  Precipitin  tests 
were  conducted  in  capillary  tubes  with  the  readings  being  recorded  at  1 
and  2  hours,  and  then  overnight.  Controls  were  set  up  daily  for  all 
antisera  used.  Where  crossing  occurred  with  anti-deer,  anti-goat  and 
anti-bovine  with  heterologous  antigens,  the  cross  reactions  were  virtually 
eliminated  by  serial  2  fold  dilutions  of  the  antisera  up  to  1:16  using 
phosphate  buffered  saline,  the  same  diluent  as  used  to  grind  mosquito 
abdomens.  Where  crossing  could  not  be  eliminated  at  this  dilution,  test 
results  were  recorded  as  deer-goat,  deer-bovine  or  deer-goat-bovine.  All 
multiple  feedings  were  retested. 

(a)  Pocoraoke  Cypress  Swamp 

About  2000  blood-engorged  mosquitoes  specimens  were 
collected  from  May  through  November,  1969.  Mosquitoes  were  first 
screened  for  bird,  reptile  or  mammal  feeding.  If  negative,  a  benzidine 
test  was  done  to  verify  the  absence  of  blood.  Results  of  these  screenings 
are  shown  in  Table  4.  Specific  host  determinations  were  then  done  on  all 
positive  reactors  from  the  screening  tests.  Results  of  these  specific 
determinations  are  shown  in  Tables  5  and  6.  Five  species  of  mosquitoes 
were  considered  in  depth  in  light  of  their  strong  vector  potential: 

Aedes  canadensis:  This  species  fed  readily  on  mammals  and  reptiles, 
and  to  a  limited  extent  on  birds,  and  was  found  to  be  avidly  attracted 
to  humans  throughout  the  year.  Especially  noteworthy  was  the  extremely 
high  rate  of  deer  feeding,  comprising  about  of  the  total  feeds.  The 
omnivorous  feeding  habits  and  abundance  of  A.  canadensis  indicate  its 
potential  as  a  vector  of  arboviruses.  By  feeding  avidly  on  mammals  and 
occasionally  on  reptiles  and  birds,  it  is  exposed  to  all  potential  virus 
reservoirs.  This  same  feeding  pattern  then  becomes  an  excellent  means 
of  dissemination.  The  degree  of  feeding  on  deer  and  the  reported  deer 
involvement  with  CEV,  WEE  and  Cache  Valley  agents  again  point  to  its 
vector  potential  from  the  standpoint  of  range  of  host  feeding.  Isola¬ 
tion  of  undetermined  arboviruses  from  A.  canadensis  pools  from  our  study 
area  as  well  as  CEV  from  pools  collected  elsewhere  furnishes  further 
evidence  of  its  involvement,  while  its  attraction  to  man  makes  it  of 
possible  medical  importance.  The  percent  of  A.  canadensis  found  positive 
for  reptile  feeding  was  constant  throughout  the  year,  except  in  late 
spring.  At  that  time  there  appeared  to  be  increase  in  reptilian  feeding. 
We  find  this  observation  to  be  consistent  with  previously  reported 
findings.  We  believe  that  the  increased  feeding  by  A.  canadensis  on  rep¬ 
tiles,  especially  turtles,  is  dependent  on  host  availability  and  that 
the  apparent  increase  in  reptilian  feeding  reflects  the  oviposition  be¬ 
havior  of  the  turtle?-.  In  our  study  area,  turtles  leave  the  swamp 
habitat  in  spring  and  travel  to  higher  ground  where  the  female  deposit 
their-  eggs.  This  movement  takes  them  from  the  protection  of  the  svanp 
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and  increases  their  exposure  to  mosquito  feeding.  Should  a  poikilothermic 
virus  reservoir  exist  in  our  area  as  has  been  reported  from  other  areas 
of  the  U.S.,  this  feeding  by  A.  canadensis  could  be  a  vehicle  by  which 
virus  is  reintroduced  into  a  warm-blooded  host  cycle. 

Aedes  atlanticus:  This  species  was  frequently  'attracted  to  small 
mammals,  especially  sentinel  rabbits,  and  occasionally  to  caged  rats  and 
raccoons.  It  was  not  recorded  from 'domestic  animals  outside  the  swamp 
proper.  Reptiles  appeared  to  play  a  role  as  hosts  of  this  species  where¬ 
as  birds  did  not.  It  was  frequently  attracted  to  humans. 

Psorophora  ferox:  The  feeding  patterns  of  A.  atlanticus  and  P.  ferox 
were  almost  identical.  Both  species  were  attracted  to  small  mammals  and 
humans  and  to  a  lesser  extent  to  birds.  Neither  species  was  found  in 
large  numbers  on  the  swamp  periphery  close  to  domestic  animals.  Both 
species  fed  with  equal  frequency  on  sentinel  rabbits,  but  only  P.  ferox 
fed  avidly  on  caged  rats.  Although  attracted  to  them,  it  did  not  feed 
on  reptiles.  Though  representing  a  small  portion  of  the  mosquito  popula¬ 
tion,  the  feeding  activity  of  A.  atlanticus  and  P.  ferox  becomes  signifi¬ 
cantly  important  considering  their  intensive  feeding  on  rabbits.  Sub¬ 
stantial  involvement  of  rabbits  with  CEV  has  been  well  established.  This 
suggests  that  these  two  mosquito  species . could  be  involved  in  the  natural 
transmission  of  this  arbovirus.  Feeding  on  humans  by  these  species  im¬ 
plies  a  possible  vector  potential  for  CEV  to  man  as  well. 

Culex  salinarius :  When  collected,  this  species  was  most  often  found 
engorged  near  domestic  animals  on  the  periphery  of  the  swamp’.  Birds  and 
reptiles  did  not  appear  to  play  a  substantial  role  as  hosts  for  this 
species.  This  species  is  of  potential  medical  importance  through  its 
feeding  habits  as  well.  It  is  exposed  to  arbovirus  activity  by  its 
feeding  on  sylvatic  animals ,  while  its  apparent  preference  to  leave  the 
sylvatic  habitat  and  feed  upon  the  surrounding  domestic  livestock 
suggests  a  possible  mechanism  for  virus  movement  from  the  swamp  to 
domestic  animals.  Credence  is  lent  to  this  possibility  by  the  isolation 
of  EEE  from  pooled  C.  salinarius  specimens. 

Culiseta  melanura:  This  species  showed  the  least  variation  in  its 
host  selection  of  any  of  the  mosquitoes  studied.  Over  90t>  of  the 
C.  melanura  tested  were  found  to  contain  avian  blood,  the  majority  of 
these  being  from  passerine  birds.  Occasional  quail-fed  specimens  were 
found,  but  no  chicken  positives  were,  even  though  chickens  were  present 
on  a  farm  near  the  swamp.  All  mammal  positives  were  found  in  late 
cummer  or  fall,  after  the  main  peak  of  abundance  of  the  C.  melanura 
population  was  past.  No  reptile  or  human  positives  were”found.  Al¬ 
though  C.  melanura  is  probably  primarily  responsible  for  disseminating 
EEE  and~WEE  throughout  the  avian  population,  we  feel,  based  on  our 
findings  showing  minimal  non -avian  feeding,  that  under  the  conditions 
prevailing  in  the  swamp  at  the  time  of  our  study,  it  is  unlikely  that 
this  species  is  responsible  for  the  spread  of  these  viruses  into  the 
.'u.vaalian  and  reptilian  vertebrates.  It  is  possible,  however,  that  this 
{'ceding  pattern  may  vary  under  conditions  other  than  those  examined.  A 
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temporal  analysis  of  C.  melanura  feeding  reveals  an  interesting  observa¬ 
tion.  Although  few  in  number,  all  mammal  feedings  were  found  to  occur 
din  i-i-'  the  latter  part  of  the  year,  after  the  mosquito  population  peak 
hau  a .usxderi.  Earlier  studies  have  reported  similar  findings.  The 
number  of  birds  found  in  the. swamp  during  this  period  increases  due  to 
fall  migration,  suggesting  that  bird  availability  alone  is  not  the 
reason  for  this  apparent  shift.  However,  it  is  possible  that  C.  melanura 
feeds  most  readily  on  a  particular  summer  resident.  The  departure  of 
the  summer  residents  in  fall  could  account  for  increased  feeding  on 
secondary  mammalian  hosts.  By  preferential  feeding,  each  mosquito 
species  is  exposed  primarily  to  that  group  of  arboviruses  utilizing  a 
particular  vertebrate  host  as  its  reservoir  or  amplifying  nechanism. 

Thus,  Culiseta  melanura  by  feeding  primarily  on  avian  hosts,  is  most 
likely  to  contract  EEE  or  WEE,  both  associated  with  birds.  Figure  3 
graphically  compares  group  feeding  preferences  of  the  5  mosquitoes  we  have 
looked  at  in  depth  in  an  effort  to  demonstrate  this  type  of  preferential 
feeding. 

California  encephalitis  virus  group  agents  have  most  often  been 
associated  with  rabbits  as  their  vertebrate  reservoir  or  amplifying 
mechanism.  Thus,  comparing  the  attractiveness  of  rabbits  against  other 
small  mammals  could  indicate  a  preference  by  certain  mosquito  species 
for  this  host,  thereby  increasing  or  decreasing  their  exposure  to  this 
group  of  arboviruses.  Figure  4  presents  comparative  results  on  vacuum 
.-•weep  collections  around  caged  sentinel  rabbits,  rats  and  raccoons, 
s'.  Twung  the  frequency  of  collection  for  each  mosquito  species.  Figure  5 
shows  the  frequency  of  collection  for  each  species  in  human  biting  col¬ 
lections.  This  demonstrates  each  mosquito  species'  attractiveness  to 
humans,  thus  implying  their  potential  to  transmit  acquired  arboviruses 
to  man. 


(b)  Delaware 

A  limited  number  of  engorged  mosquitoes  were  analyzed 
for  the  University  of  Delaware.  No  information  was  available  as  to 
exact  trapping  method,  locality  or  date  of  capture.  Results  of  these 
tests  are  shown  in  Table  7. 

(c)  Afghanistan 

Fifty  Anopheles  pulcherriaus  and  one  undetermined 
culicine  mosquito  were  collected  from  the  village  of  Angourbugh, 
Afghanistan  on  21  and  24  July,  1970.  Results  of  these  blood  meal  de¬ 
terminations  are  shown  on  Table  8. 

(3)  Isolation  of  viral  agents  from  field  collected 
mosquitoes  and  bird  blood  clots. 

During  the  current  year  virus  isolations  have  been  at¬ 
tempted  from  a  variety  of  field  collected  material  by  primary  passage  in 
suckling  mice.  Attempts  to  isolate  virus  from  120  pools  of  deer  flies 
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(family  Tabanidae)  containing  7  deer  flies  per  pool  were  negative. 
Aliquots  of  triturated  mosquito  pools  passed  by  the  Department  of  Virus 
Diseases  for  virus  isolation  in  a  vertebrate  cell  culture  system  were 
also  inoculated  intracerebrally  in  suckling  mice.  From  2,048  mosquito 
pools  collected  in  1969  in  t.he  Pocomoke  Cypress  Swamp,  Maryland,  4  pre¬ 
sumptive  virus  isolates  have  been  recovered.  One  isolate  has  been 
recovered  from  a  pool  of  4  female  Aedes  vexans  collected  19-20  May  and 
3  isolates  have  been  recovered  fron^A.  canadensis  containing  20-25  mos¬ 
quitoes  per  pool  collected  during  August.  Characterization  and  iden¬ 
tification  of  these  agents  is  being  done  by  the  Department  of  Virus 
Diseases.  Five  virus  isolates  were  recovered  by  primary  mouse  passage 
from  mosquito  pools  from  which  isolates  had  previously  been  recovered 
by  vertebrate  cell  culture,  thus  validating  the  original  isolations. 
Details  of  virus  isolations  from  mosquitoes  are  shown  in  Table  9* 

Six  virus  isolates  have  been  recovered  by  primary  mouse  passage 
from  9  wild  bird  blood  clots  and  4  isolates  from  4  sentinel  bird  blood 
clots  collected  during  1969  from  the  Pocomoke  Cypress  Swamp.  Identi¬ 
fications  of  these  isolates  has  not  yet  been  made. 

(c)  Serological  studies  of  CEV  in  mammals 
(a)  Serological  survey 

Mammal  sera  collected  from  the  Pocomoke  Cypress  Swamp 
and  adjacent  areas  between  1969  and  1971  were  examined  for  evidence  of 
past  infection  of  California  encephalitis  virus  (CEV)  agents.  Plaque 
reduction  neutralization  tests  were  employed  using  3  strains  of  CEV. 
Preliminary  work  included  producing  stock  seed  virus  for  each  strain  to 
be  used,  producing  mouse  hyperimmune  ascitic  fluid  against  each  strain 
and  analysis  of  various  cell  culture  lines  to  determine  the  most  sen¬ 
sitive  virus/cell  culture  system  available.  Results  of  virus/cell 
culture  analysis  are  shown  in  Table  10. 

Sera  to  be  examined  were  first  heat  inactivated  and  diluted  1:10, 
then  screened  against  Keystone  strain  CEV.  This  strain  is  the  only  CEV 
agent  that  has  been  isolated  from  Maryland  f 0  date.  Results  of  these 
preliminary  efforts  are  shown  on  Table  11.  Future  studies  will  include 
determination  of  the  specific  strain  or  strains  of  CEV  causing  the  re¬ 
duction  shown  in  screening  tests  against  Keys  one  strain  CEV,  and  ex¬ 
perimental  infection  of  laboratory  rabbits  tc  determine  the  extent  of 
viremia  as  well  as  the  titer,  duration  and  cross re activity  of  the 
resulting  antibody  produced. 

(b)  Sentinel  rabbits 

Paired  sentinel  rabbits  were  cag^d  ;n  the  Pocomoke 
Cypress  Swamp  frcu  17  May  to  16  November,  1970,  at  collection  sites  3, 
7,  and  16  (Fig.  1).  Pre-swamp  exposure  bleeds  a s  well  as  bi-weekly 
bleeds  were  taken  from  each  sentinel  rabbit.  Three  groups  of  6  rabbits 
each  were  used  throughout  the  year.  Only  1  rabbit  showed  positive  anti 
body  formation  to  CEV  agents  as  a  result  of  the  swamp  exposure.  That 
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rabbit  was  caged  at  Site  7  from  28  July  to  7  September.  Bleeds  of 
that  rabbit  on  and  subsequent  to  25  August  showed  100$  reduction  against 
Keystone  strain  CEV,  while  the  prebleed  and  all  bleeds  previous  to 
25  August  showed  no  antibody  present.  It  is  estimated  that  the  rabbit 
was  infected  tbout  11  August.  Tests  to  determine  the  strain  of  CEV  in¬ 
fection  showed  greatest  reduction  against  Keystone  strain  CEV. 

2.  Basic  Biology  Studies 

a.  Mosquito  flight  studies 

During  the  year,  basic  techniques  of  tethered  mosquito  flight 
were  refined  and  standardized  using  4  mechanical  flight  mills  modified 
from  the  design  of  Rowley  and  Graham  (2).  The  objectives  of  this  study 
are: 

(1)  to  determine  interspecific  differences  in  flignt  capacity 
among  various  vector  mosquito  species. 

(2)  to  use  flight  mill  performance  as  a  measure  of  quality 
of  insectary-reared  mosquitoes. 

(3)  to  determine  the  effect  of  pathogen  infection  on  flight 
mill  performance. 

(4)  to  use  flight  mill  performance  as  a  measure  of  physiologi 
cal  state  of  individual  mosquitoes. 

The  principal  problem  area  in  tethered  flight  studies  is  in  iden¬ 
tifying,  measuring,  and  eliminating  or  otherwise  controlling  variatiorr 
in  speed,  duration,  and  distance  of  flights  sc  that  causal  effects  above 
can  be  evaluated.  In  one  series  of  experiments,  freshly  emerged  female 
Culex  salinarius  and  C.  restuans  were  flown  1  and  2  days  after  emergence, 
without  having  been  furnished  any  food  as  adults  --  only  water.  The 
results  of  31  females  so  flown  are  shown  in  Table  12.  Under  these  cir¬ 
cumstances  all  energy  for  flight  must  have  come  from  glycogen  accumulate  i 
during  the  larval  stages.  In  spite  of  the  elimination  of  the  variation 
resulting  from  adult  intake  of  food,  total  variation  was  very  large,  an  i 
the  difference  in  distance  flown  in  a  2-hour  test  period  between  1  and  2 
day  old  females  was  not  significant  by  "t"  test,  future  work  will  in¬ 
clude  studies  on  Nosema-infected  and  non-infected  Anopheles  stephensi 
flight  and  on  the  effect  of  light  and  temperature  conditioning  of  females 
on  flight  performance. 

b.  Overwintering  of  culicine  mosquitoes 

A  preliminary  study  has  been  completed  on  the  overwintering 
mechanisms  and  phenology  of  2  common  eastern  U.S.  mosquitoes:  Culex 
restuans  Theobald  and  Culex  salinarius  Coquillett.  Hie  objective  of 
this  study  was  to  determine  the  response  of  C*  restuans  and  C.  salinariuu 
to  simulated  lute  fall  conditions  of  temperature  and  photoperiod  and  to 
det.1-**:'  '*>  if  the  observed  responses  were  consistent  with  that  observed 


in  species  such  as  C.  plpiens  known  to  undergo  adult  diapause.  Addi¬ 
tionally,  we  hoped  that  their  respective  physiological  responses  would 
furnish  clues  to  the  difference  in  reported  geographical  distribution 
of  the  two  species. 

% 

The  seasonal  and  geographic  distribution  records  which  form  the 
basis  for  Figs.  6-9  were  obtained  primarily  from  170  published  ref¬ 
erences.  These  were  supplemented  by  published  and  unpublished  records 
of  mosquito  survey  programs  of  US  Army  Area  Laboratories.  The  dis¬ 
tributional  maps  were  constructed  by  first  making  a  map  for  each  month 
of  the  year  for  each  species,  using  dots  to  indicate  sites  of  collec¬ 
tions  where  dates  of  collection  of  adults  were  recorded.  Records  were 
discarded  where  specific  identification  was  questionable.  Lines  were 
then  fitted  by  eye  to  encompass  the  northermost  dots.  Isolated  dots 
hundreds  of  miles  from  any  other  .dot  were  not  included,  but  were  marked 
on  the  composite  maps. 

Various  simulated  environments  were  produced  in  modified  BOD  incu¬ 
bators.  The  light  source  used  was  a  40  W  incandescent  appliance  lamp. 

A  wire-wound  power  resistor  calibrated  to  furnish  the  same  heating 
effect  as  the  lamp  was  wired  to  the  light  programmer  so  that  when  the 
lamp  was  off,  it  was  on,  and  vice  versa.  Females  of  both  species  were 
subjected  during  all  life  cycle  stages  to  4  combinations  of  tempera¬ 
ture  and  photoperiod:  20°C,  ID  l6:8;  20°C,  ID  8:l6;  27°C,  ID  16:8;  and 
27° C,  ID  8: 16.  Standard  larval  rearing  procedures  were  used  and  were 
identical  for  both  species. 


Blood  feeding  trials  were  conducted  for  each  species  and  treatment 
by  randomly  placing  10  females  in  each  of  6  glass  Jars  and  providing  a 
baby  chick  as  a  blood  meal  source.  The  lamps  in  all  incubators  were 
programmed  to  come  on  at  varying  times,  hut  to  go  off  simultaneously. 
The  feeding  trials  were  conducted  in  the  incubators  during  the  2  hour 
period  after  the  lamps  went  off.  Only  females  vhich  had  emerged  during 
the  same  24-hour  period  were  used  in  the  feeding  trial,  and  in  each 
instance  the  trials  took  place  4  days  after  emergence. 


(l)  Geographic  distribution. —The  approximate  northermost  limits  of 
activity  of  C.  restuans  and  C.  salinarius .  based  on  published  collection 
records,  are'shcwn  in  Figs.  5-9.  For  any  given  month,  the  range  of 
C.  restuans  adult  activity  extends  farther  north  than  does  C.  salinarius. 
Both  species  reach  their  maximum  geographical  limits  during’the  month  of 
August.  At  this  time,  the  northermost  limit  of  C.  restuans  extends  well 
into  southern  Canada,  where  it  has  been  collected  above  the  ?0th  parallel, 
whereas  the  northernmost  limit  of  the  latter  appears  to  be  roughly  46° N. 
The  range  of  C,  restuans  also  extends  much  farther  west  than  does  that  of 
C.  salinarius . 


(2)  Response  to  temperature  and  photoperiod. --The  number  of  female 
C.  restuans  and  C.  salinarius  taking  blood  after  being  subject  to  4 
combinations  of  temperature  and  photoperiod  is  shown  in  Table  13.  The 
proportion  of  C.  salinarius  taking  blood  was  higher  at  ell  treatments 
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than  that  of  C.  restuans.  Blood  feeding  frequency  among  C.  salinarius 
females  varied  inversely  with  length  of  photoperiod  and  temperature— 
the  proportion  taking  blood  at  2TC,  ID  l6:8  was  significantly  less 
than  at  20°C,  ID  8:16.  With  C.  restuans ,  the  pattern  was  strikingly  dif¬ 
ferent.  There  was  no  significant  difference  in  blo'od  feeding  between 
short  and  long  photoperiods  at  27°  C,  nor  between  the  2  temperatures 
under  long  photoperiod.  Under  conditions  of  low  temperature  and  short 
photoperiod,  however,  blood  feeding  frequency  was  significantly  less 
(about  1/10  the  frequency  observed  under  other  treatments).  Fed  females 
of  both  species  developed  ovaries  fully  under  all  conditions  tested. 

No  gonotrophic  dissociation  was  observed. 

In  mosquitoes,  sin  altered  physiological  state  under  endocrine  con¬ 
trol  in  response  to  an  environmental  trigger  can  be  considered  diapause , 
whereas  a  lowering  of  general  activity  due  to  chilling  is  not.  The 
responses  of  C.  restuans  and  C.  salinarius  to  a  simulated  environment  of 
short  photoperiod  and  low  temperature  is  consistent  with  the  hypothesis 
that  the  former  species  undergoes  diapause  prior  to  overwintering,  where¬ 
as  the  latter  species  does  not.  The  more  northerly  distribution  of 
C.  restuans  also  supports  this  hypothesis.  Unfortunately,  very  few 
field  studies  have  been  done  on  the  overwintering  of  these  2  species, 
but  the  few  documented  discoveries  of  overwintering  habitats  would  in¬ 
dicate  that  their  overwintering  behavior  differs.  The  only  fully 
documented  recovery  of  C.  salinarius  females  which  survived  a  winter 
(where  the  climate  does  ""not  permityear -around  breeding)  known  to  us  is 
from  woodchuck  burrows  in  Delaware.  Culex  restuans,  on  the  other  hand, 
hac  been  recovered  from  a  variety  of  overwintering  habitats,  in  Connect¬ 
icut  and  New  Jersey. 

The  recognition  of  2  different  overwintering  mechanisms  way  have 
bearing  on  the  question  of  overwinter  survival  of  arboviruses.  Con¬ 
siderable  evidence  indicates  that  hibernating  Culex  mosquitoes  are 
predominantly  nu Hi parous .  It  has  been  shown  experimentally  that  in 
C.  pipiens ,  females  shewing  gonotrophic  dissociation  and  females  fed  a 
straight  carbohydrate  diet  developed  fat  bodies  equal  to  those  found 
in  naturally  occurring  pre hi De mating  females.  Gonoactive  mosquitoes 
of  the  same  age  produced  significantly  less  fat.  Recently  however,  re¬ 
ports  of  collections  of  overwintering  mosquitoes  in  New  Jersey  have  shown 
that  at  least  under  certain  conditions  parous  C.  pipiens  can  accumulate 
sufficient  fat  reserves  to  overwinter.  It  would  seem  likely  that  these 
would  be  relatively  old  females  which  had  oviposited  relatively  early 
in  the  season,  early  enough  to  have  had  time  to  build  up  a  reserve  of 
fat.  They  would  also  have  had  to  suspend  blood  feeding  activity  in 
response  to  fall  conditions  of  temperature  and  photoperiod  or  to  have 
undergone  gonogrophic  dissociation  after  subsequent  blood  meals.  In¬ 
terspecific  differences  in  cold  hardiness  and  temperature  differences 
of  larvae  development  also  play  important  roles  in  determining  geo¬ 
graphical  ranges  and  phenology.  Culex  restuans  is  widely  known  as  a 
"cool  season*  mosquito,  a  fact  whicE  is  evidenced  by  its  earlier 
appearance  wherever  it  and  C.  salinarius  have  common  ranges.  This 
could  be  due  to  the  ability- of  C.  rasluans  to  function  at  lower 


temperature  than  C.  salinarlus ,  and  also  because  at  the  northern  limits 
of  the  range  of  C.  salinarlus ,  hibernation  is  not  possible,  and  adults 
which  are  active  in  the  warmest  months  have  migrated  north  from  warmer 
regions . 

.  c.  Colonization  attempts 

(1)  Culex  restuans.  Our  colony  continues  at  a  low  level 
maintained  by  forced  mating.  Attempts,  so  far  unsuccessful,  to  estab¬ 
lish  a  self -mating  colony  are  continuing. 

(2)  Little  difficulty  was  encountered  in  rearing  field  col¬ 
lected  larvae  and  pupae  through  to  adults.  The  adults  feed  readily 

on  chicken  or  human  blood,  and  the  engorged  females  are  easily  mated 
using  the  forced  mating  technique.  Our  attempts  were  directed  toward 
methods  of  handling  eggs  which  would  result  in  higher  hatch  rates.  Two 
batches  of  egg3  were  conditioned,  yielding  the  following  results: 

Lot  Humber  1.  On  3  July  1970,  15  female  Aedes  canadensis  engorged 
on  human  blood.  The  engorged  females  were  force-mated  and  placed 
separately  in  Styrofoam  cups  containing  dampened  cotton  and  lined  with 
paper  towels.  Between  3  July  and  10  July  313  eggs  were  removed  from 
the  cups  and  placed  in  a  petri  dish  lined  with  a  dampened  filter  pad. 

The  petri  dish  was  sealed  with  tape  to  maintain  conditions  of  high 
humidity  and  was  then  stored  at  a  temperature  of  40°F.  On  20  August  the 
eggs  were  flooded  with  a  mixture  of  tap  water  and  water  collected  from 
a  freshwater  3wa mp.  The  eggs  remained  flooded  for  3  days  but  failed  to 
hatch.  The  eggs  were  then  recovered  and  exposed  to  sub-freezing  tem¬ 
peratures  for  24  hours,  then  returned  to  a  temperature  of  40°F. 

On  10  September  the  eggs  were  again  flooded  but  did  not  batch. 

They  were  then  stored  at  7o  F.  in  the  insectary  (70^6  r.h.).  On  14  Sep¬ 
tember  the  eggs  were  placed  in  a  dessicator  jar  and  an  attempt  was 
made  to  hatch  the  eggs  by  means  of  lowering  atmospheric  pressure  with 
a  vacuum  pump.  Between  14-15  September  6  larvae  batched.  Eight  days 
later  adults  emerged.  Beginning  3  days  after  adult  emergence,  4  females 
were  offered  human  blood  meals.  On  5  October,  1  female  fed  on  a  human 
host  and  was  force  mated.  It  died  without  ovipositing.  The  other  3 
females  refused  to  take  blood  and  died. 

Lot  Number  2.  This  material  was  processed  15  January  to  23  March 
1971  and  consisted  of  96  eggs  obtained  from  3  females  which  had  fed  on 
chicken  blood  before  being  forced  mated.  The  females  were  obtained  by 
laboratory  rearing  of  field  -  collected  larvae.  Egge  were  collected 
and  sorted  in  the  same  manner  as  for  Lot  Humber  1.  The  conditioning 
procedure  and  the  results  are  shown  in  Table  14.  The  overall  hatch  rate 
obtained,  20.8 indicates  that  diapause  has  not  been  completely  termi¬ 
nated  by  the  laboratory  procedures  followed.  Tfeese  procedures  could 
result  in  lew  level  colony  production,  but  the  efficiency  would  be  very 
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3.  Gloss ina  studies 


Small  colonies  of  Gloss ina  austeni  and  G.  mors i tans  are  being 
maintained  for  studying  the  dynamics  of  transmission  of  African  trypano¬ 
somes  under  laboratory  conditions. 

Transmission  studies  have  commenced  with  another  trypanosomes, 

T.  congolense.  The  parasite  is  maintained  in  white  mice  by  blood  trans¬ 
fer  or  cyclical  transmission.  Unlike  T.  brucei,  there  is  no  indication 
that  the  age  of  the  tsetse  fly  affects”"the  susceptibility  of  the  fly 
to  infection  with  trypanosomes. 

During  the  current  year,  studies  have  been  made  to  determine  whether 
tsetse  flies  could  be  infected  with  a  parasite  strain  which  had  a  long 
history  of  blood  passage,  what  would  be  the  most  appropriate  donor  host 
for  infecting  flies  *nd  whether  it  would  be  possible  to  use  laboratory 
infected  flies  to  infect  a  calf  with  trypanosomiasis. 

Between  12  February  -  19  March  1971  G.  austeni  and  G.  morsitans 
were  fed  on  infected  calves,  at  Fort  George  Meade  which  served  as  controls 
for  T.  congolense  immunization  experiments  conducted  by  the  Department 
Medical  Zoology,  DCD&I.  Similar  feeds  were  made  at  WRAIR  on  mice  in¬ 
fected  with  the  same  strain  of  T.  congolense.  Dissection  of  samples  of 
tsetse  flies  indicated  that  4/39  or'  10$  of'  flies  which  fed  on  parasiteaic 
mice  developed  trypanosome  infections  while  6/25  or  24$  of  flies  exposed 
to  infected  calves  were  infected. 

•  v  • 

Conclusion 3  and  recommendations 

1.  Capture  rates  of  adult  and  larval  mosquitoes  vary  among  ecolog¬ 
ical  habitat  types  in  a  freshwater  swamp  in  eastern  Maryland.  Different 
species  differ  in  their  capture  rates  and  within  the  same  species, 
capture  rates  of  adults  among  habitats  differ  from  those  of  larvae. 

This  reflects  differences  in  density  and  points  out  that  factors  respon¬ 
sible  for  adult  density  in  a  given  area  can  differ  markedly  from  those 
responsible  to  larval  density.  The  main  determinant  of  larval  density 
is  the  relative  abundance  of  suitable  aquatic  breeding  sites  whereas, 
the  determinant  of  adult  density  as  measured  by  light  trapping  is  the 
relative  abundance  of  suitable  vertebrate  hosts  for  blood  feeding. 

2.  Culiseta  melanura  feeds  predominantly  (>90 $)  on  avian  blood. 
Mammal  feeds  which  are  detected  occur  in  mosquitoes  captured  in  the  fall 
of  the  year.  On  this  basis,  C,  melanura  is  unlikely  to  transmit  EEE 

and  WEE  from  infected  birds  to  domestic 'mammals  or  man.  Mosquito  species 
which  are  abundant  in  the  swamp  and  which  commonly  feed  on  mammals  and 
occasionally  on  birds  include;  Psorophora  ferdx,  Culex  aalinarlus,  and 
'  Aedes  canadensis .  Laboratory  ■experiaSnfea  should  be  performed  to  deter¬ 
mine  susceptibility  to  infection  and  ability  to  transmit  EEE  and  WEE. 

3.  California  encephalitis  virus  is  active  in  the  area  of  the 
Pocomoke  Cypress  SVamp,  based  on  antibody  surveys  of  vertebrate  animals. 
Attempts  to  isolate  viruses  of  this  group  from  mosquito.**  should  be  done. 

-  ■  ,  703 


4.  Culex  restuans  and  dulex  sallnarius  differ  in  their  ability  to 
overwinter  in  Maryland.  Both  species  should  be  tested  for  their  ability 
to  survive  simulated  hibernation  conditions  after  virus  infection, 

5.  Tsetse  flies  can  be  readily  infected  with  Trypanosoma  congolense 
either  from  infected  mice  or  calves.  The  calf  appears  to  be  a  more  suit¬ 
able  donor  since  a  greater  proportion  of  exposed  flies  develop  trypano¬ 
some  infections.  Additional  transmission  experiments  are  required  to 
establish  the  minimal  number  of  infected  flies  required  to  establish  an 
infection  in  the  calf  and  the  maximal  period  that  a  fly  can  transmit 

T.  congolense . 
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TABUS  2 


Light  trap  collection  rates  of  4  species  of  mosquitoes  from  sites  in  5 
types  of  habitats  in  Pocomoke  Cypress  Swamp,  Maryland.,.  1969* 


Habitat 

.  Mosquito  Species 

Aedes 

canadensis 

Culiseta 

melanura 

Oulex 

salinarius 

Aedes 

cantator 

Closed  Swamp 

3.07 

3.81 

1.75 

1.18 

Open  Swamp 

2.47 

3.79 

1.92 

0.88 

Upland  Forest 

2.78 

2.44 

1.21 

1.00 

Marsh 

1.45 

3.67 

3.56 

1.17 

Cultivated  Area 

1.62 

2.89 

3.27 

1.07 

*Mean  of  Log  mosquitoes  per  trap  night  of  2  sites  considered 
representative  of  each  habitat  type. 
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TABUS  3 


Analyses  of  variation  in  light  trap  capture  rates  of  adults  of  4 
species  of  mosquitoes,  Pocomoke  Cypress  Swamp,  Maryland.,  1969 

(F  values) 


Variation  Source 

« 

Mosquito  Species 

Aedes 

canadensis 

Culiseta 

melanura 

Culex 

salinarius 

Aedes 

cantator 

Habitats 

19.89**# 

13.55#** 

H.34*** 

1.59 

Weeks 

12.69*** 

'  8.06*** 

11.19*** 

9.40*** 

Habitats  x 
weeks 

1.42 

1.20 

1.05 

O.96 

Traps  (error) 

- 

- 

- 

- 

p***  *  <.001 
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*  Engorged  material  from  light  traps  and  resting  box  collections 


IABIE  7 


Engorged  mosquitoes  from  Delaware 


Mosqui tc , 

Total 

Host 

Negative 

Species 

Tested 

• 

Aedes 

canadensis 

2 

Human  (l) 

Bird  (lj 

0 

A.  atlanticus 

4 

Human  (3) 

1 

A.  vexans 

6 

6 

Psorophora 

. 

ferox 

2 

Rat  (2) 

0 

TABLE  8 


Engorged  mosquitoes  from  Afghanistan 


Screening 

Host 

Number 

Specific 

Host 

Number 

Mammal 

51 

Bovine 

31* 

Bird 

0 

Dog 

0 

Reptile 

0 

.Goat 

1 

Horse 

6 

Human 

4 

Rabbit 

0 

Other 

9** 

*  Including  culicine  specimen. 

**  Neither  anti -camel  nor' anti-buffalo  serum  was  available,  even 
though  these  hosts  were  present  in  the  study  area. 
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ZABLE  9 


Isolation  of  viruses  from  female  mosquitoes  collected  at  Pocomoke 
Cypress  Swamp,  Maryland,  1969 


Mosquito  species 

Isolation 
*  No.  mosquitoes 

(No.  pools) 

Aedes  atlanticus 

0/3) 30c 

(151) 

"  aurifer 

0/7 

(3) 

"  canadensis 

3/27,104 

(1,116) 

"  cantator 

0/4,089 

(177) 

M  grossbecki 

0/2 

(2) 

"  infirmatus 

0/723 

(39) 

"  sollicitans 

0/279 

(19) 

"  taeniorhynchus 

0/525 

(24) 

"  triseriatus 

0/129 

(9) 

"  vexans 

1/224 

(18) 

Aedes  sp. 

0/146 

(19) 

Anopheles  bradleyi 

0/60 

(13) 

Anopheles  bradleyi  crucians 

0/355 

(20) 

Anopheles  punotipennis 

0/4 

(2) 

Anopheles  sp. 

0/1 

(1) 

Culex  restuans 

0/21 

(12) 

Culex  salinarius 

0/7,016 

(303) 

Culex  territans 

0/1 

(1) 

Culex  sp. 

0/2 

(2) 

Culiseta  melanura 

5/1,246 

(75) 

Ortbopodomyia  signifera 

0/3 

(2) 

Psorophora  ferox 

0/876 

(40) 
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TABI£  10 


Tissue  culture  susceptibility  to  California  encephalitis  vij-us  agents 


Cell 

LLC 

Vero 

Chick  Emb. 

ATCC.  MK-2 

tine 

CEV 

BPS- 

Key 

Triv 

BPS- 

Key 

Triv 

BPS-  Key 

Triv 

BFS -  Key  Triv 

Strain 

283 

283 

283 

283 

Dilution 
of  stock 

1:2 

• 

resulting 
in  100  PTJ 
per  0.1  ml 

1  cra 

icr4 

i<r8 

10- 4 

ia 4 

10- 8 

10-4  1CT4 

( 

1C  8 

10- 8 

Plaque 

Sire* 

vs 

L 

vs 

S 

S 

M 

1-  M 

1 

S 

s 

Plaque 

Defin- 

p 

E 

F 

? 

F 

E 

E  P 

i 

C 

e  i 

1  r 

ation** 

0 

g 

K 

Plaque 

Production 

u 

4 

4 

4 

4 

4 

4  4 

5+ 

Rate  *** 

• 

*  VS » very  small;  So  small;  Momedium;  large . 

<1  am  dia.  1  m  dia.  >1  mm  dia.  2*3  mm  dia. 


**  P-poor;  ftifair;  E-excellent. 
***  Time  in  days 


.  »• 
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TABLE  11 


Serological  evidence  of  Xeyetone  strain  CEV  infection  by 'plaque  reduction 
—  -  neutralisation  test 


Locality 

Host* 

Number 

Tested 

*  K.ltive** 

*  Equivocal**1 

Pocomoke  , 

Raccoon 

19 

ion 

10* 

Cypress 

Opossum 

15 

0 

0 

Sv&mp  & 

Squirrel 

16 

27* 

27* 

surroundings, 

Wg 

32 

0 

0 

Md. 

Deer 

16 

25* 

31* 

Aasateague 

Raccoon 

46 

*■* 

8* 

Island,  Vs. 

Opossum 

6 

0 

0 

Snowhill, 

Md. 

Deer 

^5 

26* 

40* 

*  Serum  diluted  1:10  j 

**  Positive  ■  80--10C*  reduction  ] 

***  Equovocal  ■  50- -79*  reduction  j 

J 

•  • i 

•  "i 


n 
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TABLE  12 


Distance  (M. )  flown  in  2  hour  test  period  by  one  and  two-day  odd 
Culex  salinarius  and  C.  restuans  (unfed  as  adults) 


Culex  salinarius : 

1  day  old  2  days  old 

N  18  11 

X  518.17  421.36 

££  80.13  .  134.22 

Culex  restuans : 

N  2 

X  -  548 . 00 

S_  -  168.5c 

x 
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TABLK  1? 


Number  of  female  tuosquiloe:!  Likinp,  blood  after  being  licit!  un.jor 

different  condition.;  jf  temperature  and  j  liotop  jriod* 


Iliotoperiod 

Cul.  v.  r* 

,'stunns 

Culex  saliiiarius 

(Hours) 

20°C 

28“  C 

20“  C 

27  C 

8 

0.33  1*0.33  (a) 

3.20  +  0.5S  (b) 

8.83  +  0.31  (c) 

6.83  +  0.40  (e) 

16 

3.60  +  0.51  (b) 

4.00  +  0.77  (b) 

7.83  +  0.b8  (c,e) 

5.83  +  0.46  (e) 

*  Mean  +  s.e.  of  6  replications,  10  females  per  replication.  Means  not  sharing  a 
common  letter  differ  significantly  at  IfJ  level  by  student's  "t"  test. 


TABLE  14 


Resi.lts  of  conditioning  of  a  batch  of  96  Aedes  canadens.1 "  eggs 
obtained  from  laboratory  reared  female c 


Blood  meal 

Number 

Fed 

Number 

Mated 

Number 

Eggs 

Collected 

20  Jan  71 

3 

3 

9^ 

26  Jan  71 

Storage 

Temperature 

Dates 

Days 

Exposed 

78°  F. 

26  Jan- 5  Feb  71 

10 

hO 

6  Feb-15  Feb  71 

9 

58 

16  Feb -17  Mar  71 

29 

32 

18  Mar-19  Mar  71 

1 

78 

19  Mar-21  Mar  71 

2 

Flooded 

Hatched 

Percent* 

22  Mar  71 

6 

5.3 

23  Mar  71 

9 

12.5 

Total 

15 

20.8 

^Although  the  original  batch  consisted  of  96  eggs,  some  were  removed 
periodically  to  check  for  embryonntion.  Percentages  are  based  on  72 
eggs  remaining  at  the  time  of  flooding. 


Aedes  canadensis 


FIGURE  3.  Result  of  Precipitin  Tests  on  Engorged  r:  ~  i  mammal 
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Work  Unit  015,  Anti gen -antibody  reactions  in  vivo  an^  in  vitro 
Investigators. 

Principal:  John  F.  Barbaro,  Ph.D.‘ 

Associate:  D.T.O.  Wong,  Ph.D;  M.B.  Gibbs,  Ph.D.;  LTC  R.  Wistar,  MC; 
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Description. 

The  purpose  of  this  task  is  to  study  the  enzymatic  and  other  mechan¬ 
isms  of  allergic  reactions  and  the  agglutination  reactions  of  the  human 
groups . 


Progress. 

1 .  In  vivo  passive  sensitization  of  rabbit  leukocytes. 

(a)  The  previous  annual  report  described  the  vivo  sensitiza¬ 
tion  of  normal  rabbit  leukocytes  with  antiserum  demonstrating  homocyto- 
tric  (reagin)  antibody.  It  was  established  that  only  those  aptisera 
possessing  homocytotropic  antibody  were  capable  of  in  vivo  sensitization. 
Further,  the  degree  of  sensitization  was  directly  related  to  the  homo¬ 
cytotropic  antibody  titer  of  the  serum  and  sensitization  was  maximal  at 
3  days. 


(b)  This  work  was  continued  to  demonstrate  that  the  antibody  res¬ 
ponsible  for  the  leukocyte  sensitization  was  the  same  antibody  causing 
the  skin  sensitization.  Antiserum  demonstrating  homocytotropic  antibody 
was  treated  in  various  ways  and  these  treated  sera  were  tested  for  skin 
and  leukocyte  sensitization.  It  was  found  that  heating  antiserum  at 
56°C  for  4  hours  resulted  in  concomitant  loss  or  decrease  of  both 
activities. 

(c)  The  results  obtained  with  2-mercaptoethanol  reduction  and 
alkylation  were  the  only  parameter  studied  that  showed  a  poor  correla¬ 
tion  between  skin  sensitization  and  leukocyte  sensitizing  activity. 

Both  of  the  2-ME  treated  sera  tested  demonstrated  a  complete  loss  of 
skin  sensitizing  capacity,  whereas  only  one  showed  a  decreased  leukocyte 
sensitization.  There  are  several  explanations  for  the  poor  correlation 
between  the  leukocyte  and  skin  sensitizing  ability  of  mercaptoethanol 
treated  antiserum.  First,  the  reduced-alkylated  antiserum  maintains  its 
affinity  for  skin  tissue,  however,  this  affinity  is  considerably  less 
than  that  of  untreated  IgE.  Second,  the  mercaptoethanol  treated  antisera 
does  not  persist  in  the  skin  for  long  periods.  Both  of  these  have  been 
demonstrated  with  reduced-alkylated  human  IgE  antibody.  If  the  rabbit 
homocytotropic  antibody  is  similar^^he  IgE,  then  the  equivocal  re- 


suits  with  2-ME  could  be  explained  by  either  the  greater  sensitivity  or 
longer  persistence  of  antibody  in  the  leukocyte  mediated  release  in  com¬ 
parison  to  the  passive  cutaneous  anaphylaxis  activity.  Third,  it  is 
possible  that  this  discrepancy  might  indicate  more  than  one  homocytotro- 
pic  antibody  with  differing  mercaptoethanol  sensitivities  and  differing 
capacities  to  give  skin  and  leukocyte  sensitization.' 

(d.)  Adsorption  of  homocytot ropic”  antibody  with  a  specific  anti¬ 
rabbit  IgE  was  done  and  the  adsorbed  antiserum  was  tested  for  leukocyte 
and  skin  sensitizing  ability.  This  anti-rabbit  anti-IgE  was  supplied 
by  Dr.  Zvaifler  and  demonstrated  no  reactivity  to  any  of  the  known  rab¬ 
bit  immunoglobulins.  The  adsorbed  serum  completely  lost  both  skin  and 
leukocyte  sensitizing  capacity. 

(e)  Although  the  results  obtained  utilizing  the  in  vivo  sensitiza¬ 
tion  strongly  suggest  the  involvement  of  the  homo cytotropic  antibody  in 
leukocyte  mediated  histamine  release  from  rabbit  platelets  and  its  cor¬ 
relation  with  skin  sensitizing  capacities,  it  is  difficult  to  establish 
conclusively  unless  an  ,ut_  vitro  method  of  leukocyte  sensitization  is  de¬ 
veloped.  Presently,  a  collaborative  study  with  Dr.  Zvaifler  is  planned, 
where  he  will  supply  us  with  purified  IgE  antibody  so  we  can  develop  an 
in  vitro  method  for  leukocyte  sensitization. 


2.  Electron  microscopic  study  of  leukocyte-dependent  histamine  release. 

(a)  An  electron  microscopic  study  of  the  leukocyte  dependent  hista¬ 
mine  release  reaction  was  undertaken  in  collaboration  with  Dr.  Aikawa 
from  the  Institute  of  Pathology  of  the  Case-Western  Reserve  University 
in  an  attempt  to  elucidate  the  mode  of  histamine  release  from  platelets. 

(b)  In  suspensions  of  platelets  and  sensitized  leukocytes  not  acti¬ 
vated  with  antigen,  there  was  no  apparent  interaction  between  the  leuko¬ 
cytes  and  platelets  with  no  morphological  changes  observed  in  these  cells. 

(c)  There  were  demonstrable  changes  in  their  physical  relationship 
as  well  as  their  morphology  when  platelets  were  mixed  with  either  anti¬ 
gen  activated  leukocytes  or  in  the  presence  of  leukocytes  and  antigen. 
There  were  many  aggregates  of  platelets  intermingled  with  leukocytes, 
usually  composed  of  a  few  small  lymphocytes  and  monocytes.  Many  of  these 
platelets  were  irregular  in  shape  and  possessed  pseudopods  extending 
towards  the  centrally  located  leukocytes.  Often  the  platelet  pseudopods 
were  in  close  contact  with  these  leukocytes  and  were  interdigitated  with 
the  microvilli  of  the  leukocytes.  The  tips  of  the  pseudopods  of  the 
platelets  were  frequently  inserted  into  the  cytoplasm  of  these  leukocytes, 
forming  a  cytoplasmic  anastomosis  with  no  limiting  membrane  observable 

in  these  areas. 
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(d)  The  cytoplasmic  matrix  of  platelets  located  near  the  leukocyte 
became  more  electron  opaque  than  in  the  control  group.  The  number  of 

a  granules  decreased  and  the  number  of  vesicles  increased.  The  remaining 
a  granules  occasionally  underwent  changes  in  which  their  matrix  became 
partially  electron  translucent.  Although  the  platelets  appeared  to  be 
vacuolated  and  to  have  lost  some  of  their  granular  inclusions  there  was 
no  lysed  platelets  observed  in  these. preparations. 

(e)  Although  the  results  of  this  study  demonstrates  that  both  the 
small  lymphocytes  and  monocytes  are  closely  associated  with  platelets, 
they  do  not  conclusively  establish  that  these  cells  are  the  effector 
cells  of  this  reaction.  Recent  published  results  indicate  that  the 
basophil  may  be  the  effector  cell  in  the  leukocyte-dependent  histamine 
release  reaction.  Further  work  is  needed  to  establish  precisely  what 
leukocyte  and  mechanism  is  involved  in  this  reaction. 

3 .  Studies  on  blood  grot q  antigens  and  antibodies. 

(a)  Investigation  directed  towards  the  recognition  of  the  "danger¬ 
ous"  universal  group  0  donor,  by  characterization  of  the  binding  proper¬ 
ties  of  natural  and  immune  anti-A  and  anti-B  isoagglutinins  were  con¬ 
tinued.  As  summarized  in  the  previous  annual  report,  evidence  has  been 
obtained  with  selected  sera  from  young  adults  of  known  genotypes  in  sup¬ 
port  of  the  Wurmsers'  conclusion  that  naturally  occurring  anti-B  agglu¬ 
tinins  differ  in  their  binding  affinities  according  to  the  ABO  genotype 
of  the  individual.  However,  when  random  anti-B  sera  from  group  A  and  0 
individuals  were  tested  for  their  binding  affinities,  the  results  did 
not  agree  with  those  obtained  with  the  selected  sera.  Consultation  with 
the  Wurmser  group  disclosed  the  possibility  that  the  log-probit  assay 
procedure  may  not  be  capable  of  providing  the  same  information  on  the 
binding  of  anti-B  antibodies  to  B  sites  of  the  red  blood  cells  as  the 
Wurmsers'  assay  procedure.  To  resolve  this  issue,  a  collaborative  study 
was  initiated  with  Dr.  Salmon,  of  the  Central  Blood  Transfusion  Service 
of  Paris.  Antisera  have  been  exchanged  and  the  results  obtained  in  two 
laboratories  with  the  Wurmsers'  assay  and  the  log-probit  assay  procedure 
will  be  compared. 

(t)  Numerous  technical  problems  were  encountered  with  the  Wurmser 
assay  procedure.  The  method  proved  to  be  far  more  complicated, tedious 
and  time  consuming  than  indicated  by  their  publications.  Most  of  the 
major  problems  have  been  resolved  and  the  reproducibility  of  the  proced¬ 
ure  may  be  more  sensitive  in  discerning  small  differences  in  the  binding 
properties  of  anti-B  agglutinin  than  the  log-probit  procedure.  Simpli¬ 
fication  of  the  Wurmser's  procedure  will  be  attempted. 

(c)  In  the  previous  annual  report  a  method  for  the  identification  of 
A,  B  and  H  antigen  using  sonicated  saline  extracts  of  blood  stained 
material  to  inhibit  hemagglutinations  of  specific  antisera  was  described. 
Extensive  effort  to  extend  the  usefulness  of  this  procedure  to  the  iden¬ 
tification  of  the  M,  N,  S,  s  and  P  antigens  of  human  red  blood  cells  have 
been  unsuccessful.  Sonicated  saline  extracts  of  blood  stains  from 
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fabrics,  paper  and  wood  did  not  react  with  the  specific  antisera  to 
cause  inhibition  of  hemagglutination  with  these  antigens.  It  was  con¬ 
cluded  that  sonication  destroyed  the  ability  of  M,  N,  S,  s  and  P  anti¬ 
gens  to  combine  with  their  respective  antibodies. 

% 

4.  Studies  of  the  blood  group  A  and  B  substance  activities  of  vaccines. 

(a)  The  following  commercial  vaccines  were  tested  for  the  presence 
of  blood  group  A  and  B  activity:  20  plague,  24  cholera  and  28  typhoid. 

No  detectable  A  or  B  blood  group  substances  were  found  in  any  of  the 
plague,  cholera  or  in  26  of  the  typhoid  vaccines.  Two  typhoid  vaccines 
contained  0.0005  mg  of  blood  group  A  substance  but  no  group  B  substance. 

5.  Studies  of  microaggregates  of  human  blood. 

(a)  Swank  (N.  Eng.  J.  Med.  265:  723,  1961)  and  recently  Mosely  and 
Doty  (Annals  of  Surg.  171:  329,  1970)  presented  evidence  that  multiple 
microaggregates  are  routinely  infused  into  patients  during  the  adminis¬ 
tration  of  stored  blood.  In  collaboration  with  Dr.  Solis,  Div.  of 
Surgery,  WRAIR,  a  study  of  the  development  and  removal  of  microaggre¬ 
gates  of  leukocytes,  platelets  and  other  amophorous  debris  in  human  blood 
stored  for  transfusion  was  undertaken.  The  model  T  Coulter  particle 
counter  was  adapted  to  obtain  quantitative  date  on  the  frequency  and  size 
distribution  of  micrnaggregates  in  stored  human  blood.  Whole  blood 
Stored  23  days  in  plastic  bags  had  121.7+12.7  small  (10-29^),  17. 8+8. 0 
medium  (30-99  4  )  and  1.8  +_  0.8  large  (100-  164>f),  17.8  +_  8.0. medium 
(30-99^)  and  1.8  +_  0.8  large  (100-164^#)  particles  per  mm3. 

(b)  A  comparison  was  made  of  the  relative  effectiveness  of  a  Dacron 
wool  filter,  a  40/jand  the  170>f screen  filter  currently  used  in  removing 
microaggregates  present  in  out-dated  ACD  units  of  whole  blood  (i.e.  blood 
stored  in  excess  of  21  days).  The  Dacron  wool  filtration  effectively  re¬ 
moved  all  small,  medium  and  large  particles  of  out-dated  blood,  whereas 
the  40«  pore  filter  removed  only  the  large  particles  and  the  standard 
170^/ screen  filter  did  not  remove  any  of  the  microaggregates.  These  re¬ 
sults  clearly  indicate  that  the  Dacron  wool  filter  should  be  used,  par¬ 
ticularly  when  large  quantities  of  blood  are  administered. 

(c)  The  time  of  occurrence  and  size  distribution  of  the  aggregates 
thak  develop  in  ACD  whole  blood  stored  in  plastic  bags  at  4°C  was  in¬ 
vestigated.  It  was  found  that  microaggregates  do  not  occur  in  stored 
blood  until  the  5th  day  of  storage.  A  progressive  increase  in  frequency 
and  size  of  the  particles  was  noted  over  the  21-  day  period  of  storage. 

It  was  demonstrated  that  the  increase  of  microaggregates  were  associated 
with  a  decrease  of  both  platelet  and  leukocyte  counts. 

6.  The  synthesis  of  novel  phosphonates . 

(a)  Three  new  phosphonates  were  synthesized.  Their  elementary  and 
physical  properties  are  given  in  Table  1. 
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7.  Production  and  characterization  of  guinea  pig  homo cytotropic 

antibodies'] 

(a)  The  previous  annual  report  described  the  characterization  of 
mouse  heat  labile  homocytotropic  antibody  (reagin-like)  with  regard  to 
its  production  following  a  single  antigenic  stimulus  and  its  separation 
from  7S  heat  stable  homocytotropic  antibody.  Attention  has  now  been 
directed  towards  conditions  for  the.  production  of  heat-labile  homo¬ 
cytotropic  antibodies  by  guinea  pigs. 

(b)  Preliminary  evidence  has  been  obtained  demonstrating  the  pro¬ 
duction  of  reaginic-like  antibody  using  p-amino  benzoic  acid  diazotized 
to  purified  guinea  pig  albumin  as  an  antigen.  The  antibody  has  the 
necessary  characteristics  of  heat  lability  arid  persistence  in  the  skin 
for  long  periods.  It  appears  in  the  serum  of  guinea  pigs  following  a 
single  foot  pad  injection  of  antigen  in  complete  Freund's  adjuvant  be¬ 
tween  10  anl  13  days.  The  titer  obtained  thus  far  has  been  low  and  the 
antibody  has  been  demonstrated  in  only  a  small  number  of  immunized 
animals.  Experiments  are  planned  to  determine  (1)  if  repeated  anti¬ 
genic  challenge  will  evoke  an  increased  production  of  this  antibody  (2) 
what  adjuvants  are  best  for  its  production  and  (3)  if  possible  genetic 
factors  are  involved  in  its  production. 

(c)  The  unique  aspects  of  this  reaginic  antibody  is  its  very  narrow 
specificity.  The  specificity  is  directed  neither  towards  the  carrier 
protein  nor  the  hapten  but  appears  to  be  link-specific;  i.e.  a  positive 
reaction  is  obtained  only  when  the  homologous  antigen  used  to  elicit  the 
formation  of  the  antibody  is  used  for  the  challenge,  while  the  carrier 
protein  alone  or  the  hapten  conjugated  to  a  heterologous  carrier  do  not 
give  a  positive  reaction.  However,  generalized  blueing  results  when 
animals  are  challenged  with  the  hapten  conjugated  to  a  heterologous 
protein.  If  it  can  be  established  that  the  generalized  blueing  is  not 
causing  inhibition  of  the  reaginic  antibody  by  the  heat  stable  7S|f 
antibody,  then  under  these  conditions  this  reaginic  antibody  is  differ¬ 
ent  from  other  gamma  E  antibodies  that  are  hapten  specific.  This  type 
of  specificity  is  usually  associated  with  the  delayed  hypersensitivity 
reaction. 

8.  Immunologic  study  of  pigeon  breeders  disease. 

(a)  Allergic  alveolitis  in  pigeon  breeders  disease,  (as  well  as 
other  diseases  dependent  on  inhalation  of  antigen  which  provoke  intra- 
pulmonary  reactions)  is  considered  to  be  due  to  an  Arthus  reaction  in 
the  lungs.  In  collaboration  with  Dr.  Lawless  of  WRAMC  Allergy  Clinic, 
a  study  involving  patients  afflicted  with  pigeon  breeders  diseare  was 
initiated  to  investigate  the  cellular  and  humoral  mechanisms  of  this 
disease. 
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(b)  Presently,  two  patients  are  being  studied  in  detail.  Blood 
samples  from  each  demonstrate  precipitin,  hemagglutinins  and  complement¬ 
fixing  antibodies  in  high  titers  although  the  patients  represent  the 
clinical  extremes  that  can  be  found  in  this  disease.  These  results  may 
indicate  that  mechanisms  other  than  numoral  antibodies  are  involved. 

(c)  The  antigens  to  which  these  patients  are  responding  can  be 
found  in  pigeon  serum  as  well  as  pigecn  fecal  extracts  and  appears  to  be 
predominantly  the  IgG  immunoglobulins.  Fragmentation  of  purified  pigeon 
IgG  immunoglobulin  with  pepsin  to  yield  F(abT)2  fragments  as  well  as 
reduction  and  alkylation  to  obtain  purified  light  chains  demonstrate 
that  both  these  preparations  are  reactive  with  each  patient.  The  fecal 
antigen  has  a  fast  gamma  mobility  in  electrophoresis,  and  is  approxi¬ 
mately  7S  in  size  on  gel  chromatography.  In  double  diffusion  studies 
comparing  pigeon  fecal  extract  and  serum  antigens  the  results  suggest 
that  the  fecal  antigen  probably  represents  a  more  complete  antigen. 

Work  is  presently  proceeding  to  isolate  the  fecal  extract  antigen 

with  the  idea  that  it  may  represent  a  secretory  immunoglobulin  which 
has  not  been  previously  described  in  avian  species. 

(d)  Although  both  patients  exhibit  negative  delayed  skin  reactions, 
their  lymphocytes  are  capable  of  transformation  in  response  to  pigeon 
serum  antigens  as  determined  by  incorporation  of  thymidine.  This  re¬ 
sponse  of  patients  serum  can  be  suppressed  by  repeated  washings  of  their 
lymphocytes  at  least  5  times  before  the  addition  of  antigen.  These  re¬ 
sults  indicate  a  loose  association  of  antibody  on  the  lymphocytes  which 
reacts  with  antigen  to  cause  transformation.  Further,  the  serum  from 

a  patient  with  acute  disease  contains  a  "factor"  which  stimulated  the 
DNA  turnover  of  normal  lymphocytes.  These  results  suggest  that  the 
"factor"  may  represent  antigen-antibody  complexes .  Work  is  currently 
underway  to  determine  if  preformed  anti gen -antibody  complexes  of  known 
size  and  antibody  to  antigen  ratios  axe  capable  of  causing  lymphocyte 
DNA  synthesis. 

9.  Immune  reactions  with  liposomes. 

(a)  It  has  been  demonstrated  that  a  system  composed  entirely  of 
artificial  lipid  dispersions  (liposomes)  and  purified  lipid  antigen 
(Forssman  antigen)  was  capable  of  mimicking  intact  cells  exactly  with 
regard  to  their  immunologic  behavior.  This  system  has  been  used  to 
study  the  molecular  basis  of  immune  cytolysis.  Work  has  started  with 
particular  emphasis  on  three  approaches  to  the  use  of  liposomes; 
namely,  (1)  the  incorporation  of  different  antigens  onto  liposomes; 

(2)  the  use  of  liposome  as  an  adjuvant  for  producing  antibodies  against 
"poor"  antigens  and  for  testing  antibodies  that  are  produced  and  (3) 
the  use  of  liposomes  for  the  study  of  immune  phagocytosis. 

(b)  Cerebroside  is  biologically  important  because  it  may  comprise 
as  much  as  40%  of  the  chemical  composition  of  myelin  and  is  responsible 
for  all  brain-specific  antigenic  activity  associated  with  lipids.  Be¬ 
cause  of  this,  it  may  be  very  important  in  chronic  degenerative  nerve 
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activity  such  as  that  associated  with  traumatic  injury  to  peripheral 
nerves,  or  with  encephalitis  or  encephalomyelitis.  Since  cerebroside 
is  a  lipid  and  it  is  very  difficult  to  assay  for  the  presence  of  anti¬ 
bodies,  it  was  felt  that  liposomes  could  be  used  as  an  assay  procedure. 

(c)  Anti -cerebroside  antibodies  were  produced  by  incorporating 
purified  cerbroside  into  the  structure  of  liposomes.  The  presence  of 
antibodies  was  detected  by  the  release  of  trapped  glucose  from  ccrebro- 
side  containing  liposomes.  The  activity  of  anti-cerebroside  antibody 
was  found  to  reside  only  in  the  lgM  fraction.  The  amount  of  antibody 
protein  as  well  as  the  amount  of  Cl  bound  could  be  calculated.  In  these 
experiments  it  was  established  that  protein  binding  is  affected  by  the 
concentration  of  specific  antibody  and  the  amount  of  antigen  (cerebro¬ 
side)  contained  in  the  liposomes. 

(d)  Using  cerebroside  containing  liposomes,  it  was  decided  to 
assay  for  anti-cerebroside  activity  in  patients.  Serum  was  obtained 
from  a  variety  of  patients  at  WRGH.  Preliminary  evidence  indicate  that 
out  of  four  sera  tested,  one  patient  w*fh  degenerative  nerve  disease 
may  have  anti-cerebroside  activity. 

(e)  A  model  system  was  developed  for  quantitative  analysis  of  pha¬ 
gocytosis  of  liposomes.  This  consisted  of  a  fixed  monolayer  of  mouse 
peritoneal  macrophages  above  which  liposomes  were  floating.  The  degree 
of  phagocytosis  was  assayed  by  quantitatively  measuring  the  amount  of 
liposomal  phosphorus  in  the  fluid  above  the  cells.  It  was  fpund  that 
the  phagocytosis  of  liposome,  in  contrast  to  all  other  model  systems, 
was  a  slow  process.  Phagocytosis  depended  on  both  specific  antibody 
and  complement.  After  24  hours,  in  the  presence  of  antiserum  alone, 
about  20%  of  the  liposomes  were  taken  up.  When  complement  was  present, 
however,  phagocytosis  increased  to  70%.  Experiments  are  in  progress  to 
determine  which  complement  components  are  required  and  the  effects  of 
altering  the  antigen  concentration  on  phagocytosis. 

Summary  and  Conclusions. 

1.  Normal  rabbit  leukocytes  can  be  passively  sensitized  in  vivo 
with  rabbit  sera  demonstrating  homocytotropic  antibody.  All  tKe  para¬ 
meters  tested  that  affect  skin  sensitizing  ability  of  homocytotropic 
antibody  also  affect  leukocyte  sensitization. 

2.  rhe  antibody  responsible  for  leukocyte  sensitization  appears  to 
belong  to  the  gamma  E  class,  similar  to  the  human  reaginic  antibody. 

3.  There  was  no  physical  interaction  between  platelets  and  sensi¬ 
tized  leukocyte  not  activated  with  antigen.  Combination  of  platelets 
and  leukocytes  activated  with  antigen  demonstrated  remarkable  changes 
in  their  physical  and  morphological  relationships. 

4.  Platelets  are  irregular  in  shape,  vacuolated,  and  lose  some  of 
their  granular  inclusions.  Platelet  pseudopods  are  in  close  contact 
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with  leukocytes  and  their  tips  are  often  inserted  into  the  cytoplasm 
of  these  cells  forming  an  anastomosis. 

5.  The  hemagglutination-inhibition  reaction  for  the  detection  of 
M,  N,  S,  s  and  P  antigens  in  dried  blood  sample  was- unsuccessful .  It 
was  concluded  that  sonication  destroyed  the  ability  of  these  antigens 
to  combine  with  their  respective  antibodies. 

6.  The  model  T  Coulter  particle  counter  was  adapted  to  obtain 
quantitative  data  on  the  frequency  and  size  distribution  of  micro¬ 
aggregates  in  stored  human  blood. 

7.  The  microaggregates  do  not  occur  in  stored  blood  until  the  5th 
day  of  storage  and  increased  progressively  both  in  size  and  frequency 
up  until  the  21st  day. 

8.  The  relative  effectiveness  of  various  filters  in  removing  micro¬ 
aggregates  in  stored  blood  established  that  the  standard  170u  screen 
filter  does  not  remove  any  of  the  microaggregates,  wheieas,  the  Dacron 
wool  filter  was  very  effective. 

9.  Three  new  phosphonates  were  synthesized. 

10.  Preliminary  evidence  has  been  obtained  demonstrating  the  pro¬ 
duction  of  reaginic-like  antibody  in  guinea  pigs.  The  unique  aspects 
of  this  antibody,  in  comparison  to  other  gamma  E  antibodies,-  is  its 
very  narrow  specificity. 

11.  The  antigen  responsible  for  the  allergic  alveolitis  appears  to  be 
gamma  G  immunoglobulin,  which  is  also  found  in  fecal  extracts.  The 
evidence  obtained  thus  far  suggest  the  involvement  of  antigen-antibody 
complexes  as  the  mechanism  of  this  disease. 

12.  Anti-cerebroside  antibodies  have  been  prepared  using  cerebroside 
containing  liposomes.  These  cerebroside-containing  liposomes  indicate 
that  they  may  be  useful  in  detecting  anti-cerebroside  antibodies  in 
patients  with  demyelinating  diseases. 

13.  A  model  systjm  for  the  quantitative  analysis  of  phagocytosis 
using  liposomes  he-  been  developed. 
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23.  (U)  Chikungunya  and  dengue  are  arthropod-borne  viral  infections  of  man  having  wide¬ 
spread  geographic  distribution  throughout  populated  areas  of  the  world.  Although  mor¬ 
tality  is  low  the  incap ..citation  effected  by  these  viruses  and  their  associated  sequelae 
could  have  serious  impact  on  military  timetables  and  troop  mobility.  This  investigation 
is  concerned  with  the  development,  production  and  evaluation  of  vaccir.es  suitable  for 
use  in  man. 

24.  (U)  Both,  chikungunya  and  dengue  are  characterized  by  antigenically-related  strains 
within  their  respective  groups.  However,  the  broad  cross-protection  elicited  by  strains 
of  the  chikungunya  virus  from  diverse  geographic  areas  (India,  Southeast  Asia  and 
Africa),  is  not  shared  by  the  dengue  virus  prototypes  i,  2,  3  and  4,  which  show  little 
if  any  protection  between  each  other.  Our  priatry  objective  is  the  isolation  and 
purification  of  antigenic  subunits  from  specific  types  of  the  dengue  virus  which  will 
facilitate  the  production  of  a  broad-spectrum  protective  vaccine  against  the  major 
dengue  prototypes. 

25.  (U)  70  07-71  06  A  formalin-killed,  freete-dried  chikungunya  vaccine  prepared  in 
green  monkev  kidney  tissue  culture  has  been  administered  to  more  than  50  volunteers. 
Significant  levels  of  neutralising  antibody  have  been  demonstrated  in  these  individuals! 

1  veer  after  vaccination.  Rhesus  monkeys  subjected  to  a  live  challenge  with  the  ehik- 
ungunya  virus  6  months  and  1  year  after  vaccination  were  solidly  protected  against 
viremla,  whereas  control  monkeys  were  vlremlc  for  periods  up  to  5  days.  Antigenic  sub¬ 
units  exhibiting  high  serologic  specificity  are  being  produced  for  Group  B  arboviruses 
Ineluding  Dengue,  West  Miie,  Japanese  B  and  St.  Louis  escephalltides.  This  work  unit 
now  incorporated  into  Division  of  Communicable  Disease  A  Immunology  70  08  23.  For 
^ejhni^jl  reports  see  the  Walter  Reed  Army  Institute  of  Research  Annual  Progress  Report, 
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Project  3A061102B71P  BASIC  RESEARCH  IN  SUPPORT  OF  MILITARY  MEDICINE 
Task  04  Immunology 

Work  Unit  016,  Immunization  Studies  of  Militarily 'Signif leant  Viral 
Diseases 

« 

Investigators. 

Principal:  V,  R.  Harrison 
Associate:  K.  H.  Eckels 
C.  M.  Hampton 


Little  work  was  accomplished  on  this  project  number  during  the 
past  fiscal  year,  since  it  was  terminated  on  August  23,  1970. 
Progress  is  now  reported  under  Project  3A061102B71Q,  Communicable 
Diseases  and  Immunology,  Task  00  Communicable  Diseases  and  Immuno- 
logy,  Work  Unit  166,  Viral  Infections  of  Man. 
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23.  (U)  Research  is  directed  toward  investigating  the  pharmacology  of  promising  medici¬ 
nal  a g ants,  drug  interactions,  developing  and  refining  animal  models  for  the  study  of 
hemorrhagic,  septicemic,  and  traumatic  injury  shock  as  well  as  the  exploitation  of  Army 
procured  chemicals  in  the  treatment  and  prevention  of  shock.  Studies  are  directed  to¬ 
ward  determining  the  mechanisms  of  action  of  therapeutic  agents  as  well  as  the  nature 
and  type  of  chemicals  which  would  be  useful  in  shock  therapy.  The  goal  of  this  re¬ 
search  is  to  develop  a  highly  effective,  non-toxic  drug  which  would  bs  useful  in  the 
treatment  or  prevention  of  trauma  associated  with  battlefield  injury. 

2lt.  (U)  Drugs  a~e  tested  in  animal  models  for  effectiveness  in  preventing  or  treating 
experimental  shock  resulting  from  hemorrhage,  endotoxin,  traumatic  injury,  and  ana¬ 
phylactic  stress. 

(U)  70  07  -  71  06.  IND  was  approved  by  AIDRB  for  Phase  I  testing  of  WR  2323AB. 
Preclinical  pharmacolo^  and  toxicology  studies  are  being  pursued  in  preparation  for 
submitting  an  IND  for  WR  lh9,02ii.  In  animal  models,  the  latter  agent  appears  to  be 
about  four  times  as  effective  as  WR  2823.  For  technical  report  see  Walter  Reed  Army 
Institute  of  Research  Annual  Progress  Report,  1  Jul  70-30  Jun  71. 
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Project  3A061102B71P  BASIC  RESEARCH  IN  SUPPORT  OP  MILITARY  MEDICINE 

Task  07 ,  Pharmacology 

Work  Unit  036,  Pharmacological  studies 

Investigators . 

Principal:  Melvin  H.  Heiffer,  Ph.D. 

Associate:  LTC  Qale  E.  Demaree,  MSCj  MAJ  Jam9S  A,  Vick,  M3Cj 
CPT  Robert  W.  Caldwell,  MSCj  Albert  Einheber,  Ph.D. 

GENERAL  PHARMACOLOGY  OF  WR  ll*9,02i* 

BACKGROUND:  Preclinical  investigations  are  continuing  pursuant  to 
proposing  the  clinical  trials  of-  WR  1U9, 02ii  for  the  treatment  of  shock 
states  in  man.  The  effects  of  this  agent  appear  to  be  nearly  identi¬ 
cal  to  those  of  WR  2023  but  it  is  about  four  times  more  potent  and 
much  more  prompt  in  onset. 

METHODS:  Cardiovascular  effects  were  studied  in  anesthetized  dogs. 
Effects  on  plasma  and  whole-blood  volumes  in  dogs  subjected  to  hemor¬ 
rhagic  hypotension  were  studied  using  Crfjl -labelled  RBC.  Efficacy  of 
WR  11*9,021*  to  prevent  mortality  from  hemorrhage  was  studied  in  anes¬ 
thetized  monkeys. 

RESULTS:  WR  11*9,021:  exerts  a  prompt,  reversible  blockade  of  alpha- 
adrenergic  receptors  at  doses  of  f>  to  1 5  mg/kg  given  intravenously  to 
dogs.  The  chemical  reversibly  reduces  cardiac  output  and  cardiac 
contractility  which  appears  not  to  be  dose  related.  WR  ll*9,02l*  did 
not  prevent  hemoconcentration  in  hemorrhagic  dogs  following  rein¬ 
fusion  of  blood.  Three  of  three  monkeys  treated  with  WR  11*9, 02i*  sur¬ 
vived  an  hemorrhagic  episode  that  was  fatal  to  8  of  12  untreated  mon¬ 
keys.  Plasma  and  whole  blood  volumes  of  dogs  treated  with  WR  ll*9,02l* 
(10  mg/kg)  were  higher  than  those  values  in  untreated  dogs  following 
the  reinfusion  of  shed  blood  to  both  groups.  The  red  cell  masses  of 
the  two  groups  were  not  different. 

DISCUSSION:  WR  11*9,021*  has  proven  efficacious  in  the  prevention  of 
mortality  in  animal  models  of  hemorrhagic,  endotoxin,  traumatic  or 
anaphylactic  shock.  The  minor  adverse  pharmacological  effects  of  the 
chemical  can  be  readily  reversed  if  they  should  occur  in  humans.  The 
mechanism  of  efficacy  appears  to  be  related  to  fluid  volume  shifts. 

This  agent  appears  to  hold  considerable  promise  as  a  potential  thera¬ 
peutic  agent  for  use  in  treatment  of  shock.  Hie  great  degree  of  purity 
and  stability,  along  with  its  high  potency,  clearly  warrants  its  con¬ 
sideration  for  a  potential  clinical  trial. 


MECHANISM  OF  HYPOTENSIVE  EFFECT  OF  WR  2823 

BACKGROUND!  Preclinical  pharmacodynamics  studies  revealed  that  WR  2823 
has  a  direct  vasodepressor  effect  when  administered  intravenously  in 
several  species.  One  objective  of  preclinical  studies  is  to  learn  how 
to  prevent  or  reverse  adverse  effects  of  new  drugs  in  man.  These 
studies  were  conducted  in  order  to  determine  the  mechanism  of  the  hypo¬ 
tension  in  the  anesthetized  dog. 

METHODS.  Anesthetized  dogs  were  challenged  repeatedly  with  hypotensive 
doses  of  WR  2823  to  test  for  tachyphylaxis.  Dogs  were  treated  with 
atropine,  pyrilamine ,  proprfnolol  or  phenoxybenz amine  to  test  mediation 
of  hypotension  through  release  of  acetylcholine,  histamine  or  other 
biogenic  amines  and  to  test  empirically  for  methods  to  prevent  the 
hypotensive  episode. 

RESULTS:  None  of  the  procedures  modified  the  hypotensive  response  to 
WR  2823- 

DISCUSSION:  The  hypotension  from  WR  2823  is  probably  not  due  to  the 
release  of  biogenic  amines  nor  mediated  through  agonism  of  any  such 
receptors.  None  of  the  classical  blocking  agents  for  these  amines 
offers  hope  for  preventing  the  hypotension  from  WR  2823.  The  most  de¬ 
sirable  method  now  available  for  treating  this  hypotension,  should  it 
present  clinical  difficulties,  appears  to  be  timely  administration  of 
a  pressor  substance  such  as  norepinephrine  or  angiotenin. 

EFFECT  OF  WR  lU9,02U  ON  URINARY  OUTPUT  IN  THE  MOUSE 

BACKGROUND:  WR  llj9,02ii  has  been  reported  to  prevent  mortality  and 
hemoeoncentration  from  anaphylactic  shock.  This  study  was  done  to  in¬ 
vestigate  the  possible  role  of  drag  effects  on  renal  function  in  this 
response . 

METHODS:  Half  of  38  hydrated  mice  received  WR  lli9,02ii  (50  mg/kg  I.P.). 
The  remainder  received  saline  injections  as  controls.  Urinary  output 
was  measured  for  2k  hours. 

RESULTS:  WR  lh9,02li  had  no  effect  on  the  urinary  excretion  by  hy¬ 
drated  mice. 

DISCUSSION:  WR  lh9,02l:  probably  plays  no  role  through  modification  of 
renal  functions  in  its  prevention  of  mortality  and  hemoeoncentration 
in  anaphylaxis. 
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23.  (U)  The  principal  objectives  are  combined  and  coordinated  studies  of  the  anatomic 
and  physiologic  basis  of  central  nervous  system  control  of  blood  pressure  adjustments 
occurring  In  medical  and  surgical  (blood  loss)  shock;  the  anatomical  and  physiological 
basis  of  pain  of  visceral  origli,;  the  Intergratlve  functions  of  the  autonomic  nervous 
system  during  health,  disease,  and  during  envlromental  and  emotional  stress. 

24.  (U)  Determination  of  central  nervous  system  pathways  and  terminations  involved  In 
control  of  blood  pressure  adjustments  by  histological  ~nd  hlstochemlcal  techniques. 
Recording  and  analysis  utilizing  computer  technique..,  of  cardiovascular  responses  to 
controlled  hemorrhagic  shock  In  awake  and  chronically  Implanted  monkeys.  Recording 
and  analysis  of  single  and  multicell  activity  In  the  central  nervous  system  and  Its 
relationship  to  physiological  adjustment  mechanisms. 

25.  (U)  70  07  -  71  06  Autonomic  cell  groups  in  the  spinal  cord  heve  been  Identified. 
New  centers  have  been  described  for  the  first  time.  Sensory  fiber  connections  from 
the  Internal  organs  to  these  spinal  cord  cell  groups  have  been  studied,  described  and 
their  clinical  Implications  discussed.  A  new  pathway  carrying  Information  from  sp'nal 
cord  to  the  brain  has  been  documented  physiologically.  Interactions  between  autonc.ilc 
centers  1  r.  the  brain  and  spinal  cord  are  being  studied.  The  relationship  of  the 
vestibular  system  and  other  sensory  Informations  are  under  study.  Cardiovascular 
responses  to  controlled  hemorrhagic  shock  are  being  quantitated.  The  above  research 
efforts  constitute  the  basis  for  favorably  modifying  life-threatening  physiologic 
responses  In  stress  and  disease  and  provide  new  Ideas  to  explain  the  structural  and 
functional  basis  of  normal  ongoing  autonomic  functions.  For  technical  report  see 
Walter  Reed  Anny  Institute  of  Research  ArjQ^  Progress  Report,  1  July  69  -  30  June  70 
and  2  July  70  -  30  June  71. 
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Associate:  John  F.  Amann  ,  Ph.D.;  LTC  Robert  D.  Cardiff,  MC; 

CPT  Jeffrey  N.  Crown,  VC;  John  F.  Cummings2,  D.V.M. ,  Ph.D.; 

CPT  John  J.  Dropp,  MSC;  MAO  Howard  L.  Fields,  MC; 

CPT  Richard  C.  Howe,  MSC;  CPT  Howard  W.  Siegel,  MC; 

MAJ  C.  Fred  Tyner,  MC;  David  L.  Winter,  M.D.; 

Richard  M.  Wylie,  Ph.D. 

DESCRIPTION 

The  research  program  of  the  Department  of  Neurophysiology  attempts 
to:  (1)  provide  fundamental  neuroanatomical  and  physiological  Infor¬ 
mation,  both  scientific  and  applied,  regarding  behavioral  functions  of 
the  limbic  system  and  the  physiological  and  behavioral  functions  of 
the  autonomic  nervous  system  acting  to  Integrate  and  regulate,  within 
normal  limits,  the  body's  temperature,  heart  rate,  blood  pressure, 
blood  flow,  water  balance,  exocrine  glands,  endocrine  balance,  gastro¬ 
intestinal  motility,  digestion  and  absorption,  and  other  vital  func¬ 
tions,  particularly  as  these  functions  may  be  related  to  the  medical, 
surgical  or  psychiatric  care  of  military  patients;  (2)  define  the 
enviromental  or  physiological  circumstances  contributing  to  or  causing 
stress,  and  surgical  or  blood-loss  shock;  (3)  suggest  applied  methods 
of  corrective  therapy  for  stress  avoidance  and  recovery  from  surgical 
or  medical  shock.  These  studies  have  applied  cardiovascular,  physio¬ 
logical,  neurological  and  neurosurgical  implications. 

The  knowledge  and  research  methods  of  neuroanatomy,  neurophysio¬ 
logy,  neuroendocrinology,  cardiovascular  physiology,  and  experimental 
psychology  are  utilized  in  the  department's  studies.  In  some  cases  the 
expertise  of  one  discipline  is  applied  to  a  particular  research  task, 
but  whenever  possible  multidisciplinary  approaches  are  utilized  to 
study  stress.  The  following  problem  areas  are  under  study: 

(1)  the  anatomy  and  physiology  of  sensory  pathways  to  the  auto¬ 
nomic  nervous  system,  and  the  anatomical  basis  of  reflex  functions  in 
the  visceral  nervous  system; 
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(2)  the  pathways  over  which  the  autonomic  nervous  system  can 
exert  its  motor  effects; 

(3)  the  physiologic  mechanisms  controlling  heart  rate,  blood 
pressure,  shifts  in  blood  volume  throughout  the  vascular  bed 
during  stress  and  slow  blood- loss  shock; 

(4)  bladder  regulation; 

(5)  the  physiology  of  the  vestibular  system;  and 

(6)  the  physiological  behavior  of  cortical  neurons  and  their 
relationship  to  somatic,  visceral  or  multimodal  afferent 
signals . 


PROGRESS 

A.  Neuroanatomi cal  Studies. 

1  •  Sympathetic  division  of  the  spinal  cord. 

a .  Identification  and  description  of  spinal  cord 
sympatheti  c  nucl el .  Using  the  method  of  axonal  react! on  foil owi ng 
sympathectomy,  the  location  of  preganglionic  nuclei  in  the  thoraco¬ 
lumbar  region  of  the  spinal  cord  was  established.  A  description  of  the 
normal  cel 5  complement  of  these  nuclear  groups  was  also  described  In 
detail,  Tr-e  experimental  results  show  that  three  separate  nuclear 
groups  seno  axons  into  the  sympathetic  chains.  These  studies  were  per¬ 
formed  in  rhesus  monkeys.  The  findings  are  being  extended  by  compari¬ 
son  with  the  occurrence  of  the  same  cell  groups  in  other  primates  and 
in  the  cat  and  the  dog. 

T.ie  results  in  the  rhesus  monkey  demonstrate  a  wider 
dispersal  and  greater  number  of  pregangl ionic  neurons  in  primates  than 
was  known  before.  Some  of  these  cells  are  very  large  neurons.  This 
finding  opens  the  possibility  of  studying  visceral  motor  neurons  using 
single-unit  neurophysiological  techniques.  Single-unit  analysis  has 
been  attempted  before  in  the  cat,  but  all  efforts  ended  in  failure. 

The  presence  of  such  large  visceral  ceils  in  the  rhesus  monkey  was 
unknown  at  that  time;  this  discovery  should  provide  better  opportu¬ 
nities  for  cell  behavioral  analysis. 

b .  Dorsal  root  afferent  connect i ons  co  autonomi c 

nuclei  of  the  spinal  cord.  Havi  r.g  es  t-  oil  shed  the  location  of  pregang- 
1  ionic  neurons  in  the  cord,  dorsal  root  lesions  were  made  at  appro¬ 
priate  spinal  cord  levels  following  sympathectomy.  Utilizing  the  Nauta 
and  Fink-Heimer  stains  for  degenerating  terminal  endings,  the  distribu¬ 
tion  of  dorsal  root  fibers  on  spinal  neurons  was  documented.  It  was 
found  that  sensory  fibers  did  not  termi  nate  directly  on  autonomic  pre- 
ganglionics,  thus  establishing,  for  the  firs t  time,  that  the  autonomic 
spinal  reflex  system  must  be  polysynapti c ' 
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-•  Paras  ^..pathetic  division  of  the  spina]  cord. 

a.  Experimental  identification  and  description  of  ttie 
parasympathetic  nuclear  groups.  Studies  are  underway  to  determine  the 
nuclei  of  origin  for  the  outflow  of  the  parasympathetic  division  of  the 
nervous  system.  These  cells  innerva.e  the  gastrointestinal  tract 
distal  to  the  splenic  flexure  and  supply  efferent  fibers  which  inner¬ 
vate  the  pelvic  viscera  and  the  external  genitalia.  Axons  of  the 
parasympathetic  neurons  are  selectively  cut  to  orcduce  central  chroma- 
tolysis  of  the  nerve  cell  body.  The  axonal  reaction  displayed  by  the 
nerve  cell  bodies  will  permit  identification  of  the  nuclei  of  origin 
for  parasympathetic  fibers. 

3.  Afferent  fiber  connections  of  sympathetic  and  related 
ceil  groups  of  the  spinal  cord. 

a.  The  relationship  of  reticulospinal  fibers  to 
sympathetic  cell  groups.  Wide  areas  over  the  medullary  and  pontine 
reticular  formation  project  to  the  spinal  cord.  Nerve  cells  of  this 
region  are  known  to  participate  in  respiratory  and  cardiovascular 
eyents.  The  efferent  fiber  connections  of  this  region  of  the  tegmentum 
with  sympathetic  neurons  has  not  been  carefully  studied.  The  possi¬ 
bility  of  a  monosynaptic  connection,  or  the  presence  of  polysynatic 
pathways  to  sympathetic  motor  neurons  is  now  being  investigated. 

b.  The  vestibulospinal  projection  and  it  relationship 
with  sympathetic  motor  neurons.  Labyrinthine  stimulation  o ecu ring 
during  air,  land  or  sea  travel  is  known  to  influence  heart  rate,  blood 
pressure,  exocrine  glandular  secretions  and  sometimes  results  in  nausea 
and  vomiting.  The  pathways  over  which  vestibular  sensory  signals  may 
reach  and  influence  spinal  autonomic  centers  are  being  investigated. 

c.  The  corticospinal  projection  and  its  relationship  to 
sympathetic  nudeT^  Abdominal  sympathectomies  were  performed  uni  lat¬ 
eral  y  and  fol 1  owed  by  cortical  lesions  in  the  same  rhesus  monkeys.  As 
in  the  above  studies,  the  brains  and  spinal  cords  will  be  serially  cut. 
The  tissues  will  oe  stained  according  to  the  several  variants  of  the 
Nauta  and  the  Fink-Heimer  methods  in  order  to  study  the  resulting 
fibers  of  passage  and  terminal  degeneration.  A  prominent  direct  pro¬ 
jection  to  select  somatic  motor  neurons  has  been  previously  described 
and  its  role  in  rapid,  graded,  limb  movements  and  fine  finger  dexterity 
in  rhesus  monkeys  has  been  implicated.  The  current  investigation 
attempts  to  compare  the  cortical  input  to  somatic  motor  neurons  with 
that  to  visceral  motor  neurons  with  the  view  of  describing  the  means 

by  which  cortical  fields  may  exert  their  effects  at  segmental  levels 
of  the  autonomic  nervous  system. 

4.  Ascending  visceral  afferent  pathways  to  the  brain  stem. 

A  fiber  degeneration  study  is  continuing  in  order  to  determine  the 
course  and  termination  of  a  newly  discovered  visceral-somatic  afferent 
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pathway5.  Lesions  have  been  made  using  dorsal  and  ventral  approaches 
to  the  ventral  funiculus  of  the  spinal  cord.  The  available  data  is 
still  being  studied,  however,  preliminary  findings  point  toward 
degenerated  ascending  components  in  the  spinal  ventral  funiculus  which 
may  correspond  to  the  ventral  pathway  of  Fields  and  Winter. 

5 .  The  effects  of  behavioral  stress  on  the  neurons  and 
neuroglia  of  autonomic  ganglia.  Cytological  changes  have  been  found  in 
autonomic  ganglia  fcTTowing  be'nav i ora  1  stress,  in  the  rat,  evidence 
has  been  gathered  to  show  that  neuroglial  proliferation,  neuronal 
hypertrophy  and  neuronal  nuclear  and  nucleolar  hypertrophy  takes  place. 
These  changes  have  been  found  in  autonomic  ganglia  only.  The  increase 
in  3H- thymidine  uptake  is  presumptive  evidence  of  ON A  synthesis  leading 
to  cell  division.  The  glial  response  is  perhaps  a  concomitant  of 
increased  metabolic  demands  upon  the  autonomic  neurons. 


5.  Mast  ceils  ;r  one  centra!  nervous  system.  A  survey  of  the 
distribution  of  mast  cells  ir.  the  centre’  nervous  system  of  rodents 
was  continued.  There  is  evidence  that  b,  jgenic  amines  stored  and 
released  by  mast  cells  have  pharmacologic  effects  on  neurons  and 
neuroglia'*’  Mast  veil  secretions  have  recently  been  implicated 

in  the  genesis  of  histological  brain  damage ^ >8.  There  are  a  few 
reports  of  the  occurrence  of  mast  cells  in  the  mammalian  brain  and 
spinal  cord,  but  a  comprehensive  review  and  study  of  the  occurrence  of 
these  cells  has  not  been  undertaken.  The  present  evidence  demonstrates 
a  wide  distribution  of  mas  t  ceils  in  the  o’ams  of  kangaroo  rats, 
gsrbils  and  albino  rats.  These  ceils  are  most  abundant  in  diencephalic 
nuclear  groups  and  tracts,  are  moderately  abundant  in  the  cerebral 
hemispheres  and  mesencephalon,  least  abundant  in  the  pons  and  medulla 
oblongata,  and  were  not  found  in  the  spinal  cord. 


7  •  Tectothalamic  arid  tectomesencepnai  i  c  connections  in  the 
rhesus  monkey.  Lesions  of  the  superior  colliculus  were  made  utilizing 
stereotaxic  surgical  methods  for  the  placement  of  electrodes,  and  by 
suction  ablation  performed  by  direct  visualization  of  the  midbrain 
roof.  The  efferent  fiber  connections  are  being  studied  and  mapped. 
Tectothalamic  connections  have  been  found  with  the  intralaminar 


nuclei  1  ini  tans,  parafasci cu laris ,  centralis  lateralis  and  para- 
centralis,  with  nucl  R':  medial  is  dorsalis  pars  pan  ucel  1  ul  ari  s  ,  medial  is 
dorsalis  pars  dens ocellul ari s  and  medial  is  dorsalis  pars  multiformis. 
Projections  to  the  nucleus  pulvi naris  inferior  and  the  nucleus  pulvin- 
aris  lateralis  were  also  seen.  The  toctal  projection  to  the  intra¬ 
laminar  nuclei  may  provide  a  pathway  for  visual  impulses  to  reach  the 


striatum  and  extra-pyrami da  1  motor  system 


via  a  transthalmic  trajec¬ 


tory.  A  similar  trans tha 1  ami c  route  utilizing  the  nucleus  medialis 
dorsalis  to  connect  the  superior  colliculus  with  the  frontal  eye 
fields  is  under  consideration. 


Tectomesencephal  i c  connections  have  tetri  partial  ly  analyzed. 
Ipsilateral  connections  are  established  with  the  nuclei  gresiunv  pontis 
and  the  nucleus  paralemniscal is  of  Olszewski  and  Baxter'2.  A  large 
contralateral  projection  is  seen  to  the  nucleus  reticularis  pontis  of 
Bechterew.  Afferent  connections  to  this  tegemental  nucleus  appear  not 
to  have  been  identified  before. 

8.  Efferent  connections  of  -the  occipi tal  lobe.  The  efferent 
connections  of  the  peristriate  (area  19}  and  parastriate  (area  18) 
areas  of  the  occipital  lobe  are  under  study  in  rhesus  monkeys.  Initial 
findings  show  that  both  areas  project  to  the  superior  colliculus  and 
pretectal  areas  and  to  the  nuclei  gresium  pontis.  A  dense  terminal 
field  is  present  in  the  nucleus  pulviraris  lateralis,  nucleus  pul- 
vinaris  inferior  and  the  lateral  geniculate  body  following  area  18 
ablations.  A  projection  to  the  nucleus  pulvinaris  medialis,  or  the 
area  of  junction  between  the  medial  and  lateral  pulvinar,  is  seen 
following  cortical  ablation  of  area  19.  This  fiber  degeneration  also 
continues  rostrally  and  appears  to  invaae  the  most  caudal  cell  popula¬ 
tion  of  the  dorsolateral  sector  of  the  nucleus  lateralis  posterior. 
Distinctions  between  the  rostral  zones  of  the  pulvinar  and  the  adjoin¬ 
ing  lateralis  posterior  territory  pose  difficult  anatomical  questions. 

9 .  Connections  of  the  posterior  parietal  cortex  with  specu¬ 
lations  regarding  the  relationsnip  of  the  parietal  lobes  with  aphasias. 


apraxias  ana  agnosias-3^  r»  ^  Trie  efferent  connections  of  the 
posterior  parietal  cortex  were  studied  in  rhesus  monkeys  subjected  to 
selective  lesions  of  the  superior  and  inferior  parietal  lobules,  which 
correspond  approximately  to  Brodmann^s  areas  5  and  7,  respectively '3. 

Following  ablations  of  either  the  superior  or  inferior 
parietal  lobule,  axon  degeneration,  stained  with  the  Nauta  and  Fink- 
Heimer  methods,  was  traced  into  the  extreme,  external,  and  internal 
capsules,  and  into  the  cerebral  peduncle.  This  degeneration  extended 
into  the  ipsilateral  insular  cortex,  cingulate  gyrus,  prefrontal  and 
premotor  cortices,  and  the  precentral  and  postcentral  gyri.  In 
addition  to  these  connections,  the  superior  lobule  sends  fibers  to 
the  ipsilateral  inferior  parietal  lobule  ana  superior  temporal  gyrus, 
and  via  the  corpus  callosum  to  the  contralateral  superior  and  inferior 
parietal  lobules,  whereas  the  inferior  parietal  lobule  sends  fibers 
to  the  ipsilateral  superior  parietal  lobule  and  to  the  contralateral 
superior  and  inferior  parietal  lobules.  A  prominent  fiber  system  to 
the  ipsilateral  temporal  lobe  degenerates  following  lesions  in  the 
inferior  parietal  lobule  (area  7) ;  in  such  cases  fiber  degeneration 
appears  in  the  superior,  middle  and  inferior  temporal  convolutions, 
and  in  the  fusiform  and  parahippocampal  gyri. 

Beth  lobules  evidently  project  to  the  claustrum  and  body  of 
the  caudate  nucleus.  Both,  moreover,  have  massive  efferent  connec¬ 
tions  with  the  dorsal  two-thirds  of  the  putamen.  By  contrast,  no 


evidence  of  projections  from  the  parietal  cortex  to  the  globus 
pallidus  was  found  in  any  of  the  cases  studied. 


A  further  subcortical  projection  from  the  posterior  parietal 
cortex  involves  the  nucleus  reticularis  thalami  and^the  nucleus 
lateralis  posterior  thalami.  The  infertor  lobule  projects  directly 
to  the  nucleus  lateralis  dorsalis  aod  to  the  mediodorsal  region  of 
the  nucleus  lateralis  posterior  that  closely  adjoins  two  thalamic 
cell  groups:  the  nucleus  lateralis  dorsalis  and  the  intralaminar 
nucleus  centralis  lateralis.  The  superior  parietal  lobule,  by  con¬ 
trast,  projects  massively  to  a  ventrolateral  district  of  the  nucleus 
lateralis  posterior. 

Pari etosub thalamic  connections  ccjld  be  traced  from  areas  5 
and  7  to  the  zona  incerta  am.  fields  H2  and  H  of  Forel ,  but  evidence 
for  terminal  connections  with  the  nucleus  subthalamicus  (Luys)  could 
not  be  found. 

Both  areas  5  and  7  project  massively  to  the  pretectal  area 
and  the  deeper  layers  of  the  superior  colliculus.  This  parieto- 
mesencephalic  connection  is  amplified  by  a  fiber  connection  from  the 
inferior  parietal  lobule  (area  7)  to  the  lateral  densocellular  region 
of  the  circumaqueductal  gray  matter.  No  evidence  of  parietal  cortico- 
nigral  fiber  connections  was  found.  Finally,  both  parietal  lobules 
were  found  to  project  to  the  pontine  nuclei. 

10,  Electron  microscopy.  The  RCA4A  electron  microscope  was 
modified  in  February  1^0  in' order  to  correct  its  persistent  malfunc¬ 
tioning.  These  modifications  brought  the  scope  up  to  date  and  this 
instrument  is  essentially  a  RCA4B  electron  microscope.  This  micro¬ 
scope  has  functioned  reliably  and  we  have  logged  227.4  hours  of  opera¬ 
ting  time.  Tissues  from  36  experiments  have  been  prepared  for  study 
with  the  electron  microscope.  The  remainder  of  our  work  in  electron 
microscopy  has  largely  been  devoted  to:  (1)  the  training  of  pro¬ 
fessional  and  technical  personnel  in  our  department  and  in  other 
Divisions  of  the  WRAIR,  and  (2)  expansion  of  our  facilities  for 
electron  microscopy.  We  have  also  attempted  to  redefine  the  basic 
functions  of  these  resourses. 

a.  Training  in  electron  microscopy.  Mr.  Cyril  Wingfield, 
electron  microscopy  technician,  was  appointed  service  manager  for  all 
electron  microscopes  in  the  Walter  Reed  Army  Institute  of  Research, 
and  now  devotes  approximately  50  per  cent  of  his  time  to  this  job.  In 
addition  to  his  previous  training  in  the  use  and  maintenance  of  the 
electron  microscope,  he  undertook  an  intensive  two-month  training 
program  which  included  a  formal  electronics  course,  and  an  informal 
apprenticeship  with  the  local  RCA  service  manager,  and  a  formal  train¬ 
ing  course  at  the  RCA  plant  in  Cherry  Hill,  New  Jersey. 
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Mr.  Cyril  Wingfield  and  LTC  Robert  D.  Cardiff  have 
conducted  informal  orientation  and  training  programs  to  acquaint  WRAIR 
personnel,  both  investigators  and  technicians,  with  the  use  and  func¬ 
tions  of  the  electron  microscope.  Within  our  division,  Dr.  J.  M. 

Petras  has  participated  in  this  program  in  preparation  for  electron 
microscopic  research  on  the  nervous  system. 

b.  New  f aci 1 i ti es  and  res  pons i b i 1 i ti es .  Following  the 
recommendation  of  LTC  Charles  Angel,  Director,  Division  of  Biochemistry 
and  LTC  Dana  Slack,  Director,  Supply  and  Service  Division,  WRAIR,  the 
RCA3M  electron  microscope  in  the  Division  of  Medicine  was  transferred 
to  this  Department.  A  room  was  remodeled  to  accommodate  this  electron 
microscope.  This  microscope  is  now  functional.  We  have  also  absorbed 
the  personnel  and  equipment  assigned  to  MAJ  Andrew  Saladino,  Division 
of  Medicine;  this  includes  one  civilian  technician,  two  enlisted  men 
and  several  ultra-microtomes.  Additional  space  was  assigned  to  this 
Department  to  help  provide  working  areas  more  suitable  for  the 
increase  in  service  functions  of  electron  microscopy. 

B.  Physiological  Studies. 

1.  Autonomic  responses  in  hemorrhagic  shock.  The  effects  of 
slow  emorrhage  in  the  development  of  circulatory  shock  are  being 
studied  in  chronic,  extensively  instrumented  monkeys.  The  basic  aim 
of  these  studies  is  to  detail  the  -echanisms  and  sequences  of  break¬ 
down  of  the  normal  homeostati  *.  autivomic  reflexes  involved  in  the 
maintenance  of  blood  pressure  and  biood  flow.  Blood  pressure,  blood 
flows  and  derived  values  suet-  as  caret i  ate  work  and  cardiac  output  have 
been  documented  for  the  slow  hemorrhage  model.  The  project  is 
presently  divided  into  two  pluses. 

a.  Phase  I  Cyclic  variation  in  blood  pressure  and  heart 
rates  in  the  conscious  primate.  The  purpose  of  this  work  is  to  study 
the  cyclic  variations  in  systolic  and  diastolic  blood  pressures  and 
heart  rates  in  the  conscious  animal  during  24  hour  periods,  and  to 
determine  the  degree  of  interaction  between  these  two  variables. 

Rhesus  monkeys  have  been  implanted  with  chronic  indwelling  femoral 
arterial  catheters  placed  high  in  the  abdominal  aorta.  The  monkeys 
are  restrained  in  Mason  chairs  during  the  study  period.  Techniques 
were  developed  to  keep  these  catheters  patent  for  indefinite  time 
periods,  usually  from  1  to  4  months.  Our  electronic  equipment  is 
capable  of  recording  on  a  beat  by  beat  basis,  systolic  and  diastolic 
pressures,  heart  rates,  and  derivative  functions  such  as  the  dP/dt. 
These  parameters  are  recorded  in  analog  fashion  and  converted  to 
digital  data  and  recorded  on  tape  for  later  computer  analysis.  A 
flexible  editing  and  averaging  program  has  been  developed  in  conjunc¬ 
tion  with  Miss  Eileen  Sussman  of  the  George  Washington  University 
computer  center.  This  program  was  first  developed  on  an  IBM  360 
system  and  then  modified  to  run  on  the  WRAMC  CDC  330  computer. 
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Program  development  and  instrumentation  Interfacing  required  about 
three  months.  We  have  so  far  collected  data  from  3  pilot  animals  for 
11  hour  periods.  This  demonstrates  a  complex  systolic  waveform  with 
multiple  harmonic  frequencies.  We  are  currently  analyzing  this  data 
with  the  Biomed  02T  time  series  program  now  running  on  the  WRAMC 
computer.  Although  the  data  analysis  Is  still  in  a  relatively  early 
stage,  our  power  spectral  estimates  .indicate  definite  active  frequency 
bands  occurring  at  3  to  5  minute  periods,  and  7  to  9  minute  periods 
throughout  the  11  hour  observation  pertods.  These  phenomena  are  in 
addition  to  other  well  known  rhythms  such  as  the  circadian  fluctuations 
in  blood  pressure,  respiratory  variations,  sleep/REM  activity  and 
other  physiologic  factors.  We  also  have  some  suggestive  data  at 
present  which  points  to  coherence  between  heart  rate  and  systolic 
blood  pressure  at  certain  frequencies  but  not  at  others.  The  usual 
acute  response  to  stress  is  an  elevation  of  heart  rate  and  blood 
pressure.  The  hyperptensive  state  is  frequently  characterized  by 
a  high  blood  pressure  at  normal  heart  rates.  Use  of  reinforcement 
techniques  for  the  cyclic  periods  of  high  blood  pressure  without  con¬ 
comitant  high  heart  rate  may  prove  Interesting  in  attempting  to  develop 
a  good  laboratory  model  of  essential  hypertension. 

We  are  continuing  to  collect  data  on  longer  time  series, 
and  to  refine  the  computer  processing  procedures.  Future  work  in  this 
area  will  involve  the  following  studies:  (1)  documentation  of  the 
blood  pressure  and  heart  rate  rhythms  present  in  awake,  and  sleeping 
primates;  (2)  acquisition  of  flow  data  and  integration  of  this  into 
the  current  model;  (3)  use  of  psychoactive  cannabinols  (THC) ,  detail¬ 
ing  their  effects,  if  any,  in  normal  bio-rhythms;  (4)  use  of  time 
series  techniques  to  analyze  data  obtained  from  the  hemorrhagic  shock 
model  to  gain  some  insight  into  how  shock  and  the  post-shock  state  may 
alter  these  bio-rhythms. 

b.  Phase  II  Autonomic  responses  and  circulatory  varia¬ 
tions  in  hemorrhagic  shock.  This  phase  represents  a  continuation  of 
the  work  previously  carried  out  In  this  laboratory  by  MAJ  John  Adkins. 
We  are  currently  analyzing  these  results  before  continuing  Phase  II. 

Training  Mr.  Andrew  Pryzbylik,  electronics  engineer,  has 
received  training  in  bioelectrical  engineering,  physiology,  and 
endocrinology.  CPT  Howard  W.  Siegel  has  attended  two  computer  courses 
during  the  year  to  learn  the  necessary  programming  skills  for  data 
analysis.  These  Included  a  course  in  Fortran  3000  given  by  the 
Control  Data  Corporation  In  Rockville,  Md.,  and  a  course  in  assembly 
language  given  at  the  Hewlett  Packard  Company  at  Forest  Glen.  The 
purpose  of  the  latter  course  was  to  enable  possible  Integration  of  the 
computer  facilities  at  Forest  Glen  as  an  on  line  system  In  the  pro- 
ceding  of  our  data. 

Progress  A  swltcing  system  was  developed  for  calibration 
of  electromagnetic  flow  probes.  A  computer  program  is  being  developed 
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which  will  process  the  calibration  data  and  demonstrate  its  linearity. 
This  portion  of  our  computer  capabilites  will  be  made  available  to 
other  investigators  in  the  WRAIR  and  in  the  biomedical  community  of 
the  Washington  area.  This  computer  capability  will  accomplish  both 
the  classical  calibration  curves  as  well  as  calibrations  for  flow¬ 
meters  which  use  integrators  to  measure  stroke  volume  directly. 

Future  work  Following  probe  calibration,  8-12  mm  electro¬ 
magnetic  probes  will  be  chronically  implanted  in  monkeys  at  the  base 
of  the  aorta.  Smaller  flow  probes,  1-3  mm,  will  also  be  placed  around 
the  superior  mesenteric  artery.  Using  our  hemorrhagic  shock  model, 
we  w'll  attempt  to  gather  data  on  mesenteric  flow  during  slow  blood 
loss.  This  is  important,  for  if  it  can  be  demonstrated  that  mesenteric 
blood  flow  is  severely  compromised  during  the  shock  state,  a  physio¬ 
logical  basis  would  be  established  for  the  release  of  either  endotoxin 
or  Lefer's  myocardial  depressant  factor  (MDF)  which  cculd  lead  to  heart 
failure  and  consequent  circulatory  collapse.  We  will  attempt  to  study 
the  effects  of  the  drug  WR-2S23  on  shock.  This  drug  is  currently  under 
study  in  the  Department  of  Pharmacology,  WRAIR.  It  is  believed  to  be 
a  "protective  agent"  in  hemorrhagic  shock.  Lastly,  we  plan  to  use 
adrenal ectomi zed  animals,  which  are  chemically  supported,  in  order  to 
determine  the  role  of  the  adrenal  glands  in  homeostasis  and  shock. 

2.  Somatic  and  visceral  receptive  fields  in  the  ventral 
funiculus^.  Neurons  of  the  medullary  and  mesencephalic  reticular 
format! on  receive  converging  inputs  from  widely  separated  receptive 
fields  and  from  afferents  subserving  different  modalities.  It  is  not 
known  whether  this  convergence  occurs  on  brain  stem  neurons  or  on  the 
spinal  neurons  which  project  to  them.  Although  there  is  extensive 
knowledge  of  the  receptive-field  properties  of  neurons  comprising  the 
tracts  of  the  dorsal  half  of  the  cord,  the  supraspinal  course  of  these 
tracts  largely  bypasses  the  brain  stem  reticular  formation.  Thus, 
fibers  of  spinal  origin  that  terminate  in  the  medullary,  pontine,  and 
mesencephalic  reticular  formation  must  ascend  primarily  in  the  ventral 
quadrant.  Convergence  on  fibers  of  the  ventral  quadrants  has  been 
demonstrated,  hut  detailed  information  about  receptive  fields  of  these 
fibers  is  meager.  To  determine  the  degree  of  convergence  that  takes 
place  at  the  spinal  level,  the  receptive-field  organization  of  ventral 
quadrant  fibers  was  studied  in  spinal  cats.  Since  visceral  and 
somatic  inputs  converge  onto  single  ventral  quadrant  fibers,  the  pre¬ 
sent  study  has  included  the  testing  of  visceral  inputs.  Anatomical 
studies  have  demonstrated  conclusively  that  the  axons  of  cells  in  the 
spinal  gray  matter  branch  extensively  in  the  segment  of  origin  (often 
bilaterally)  prior  to  entering  the  ventral  quadrant.  In  addition, 
since  most  ventral  quadrant  fibers  terminate  within  the  spinal  cord, 
the  results  of  the  present  study  have  relevance  to  the  organization  of 
segmental  polyneuronal  reflexes,  proprlospinal  reflexes,  and  ascending 
input  to  the  so-called  "nonspecific"  systems  of  the  brain  stem. 
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In  summary,  single  units  located  in  the  ventral  quadrant 
white  matter  of  the  upper  lumbar  cord  were  studied  in  the  spinal  cat. 
Spatially  widespread  excitatory  and  inhibitory  visceral  and  somatic 
inputs  were  found  in  most  units.  All  units  with  visceral  inputs  also 
had  somatic  receptive  fields.  A  regional  relationship  between  vis¬ 
ceral  and  somatic  Inputs  was  noted.  On  the  basis  of  electrical  stimu¬ 
lation  at  Cl,  the  fibers  were  classified  as  either  ascending  or  pro- 
priospinal.  No  significant  differences  were  found  In  the  properties 
of  those  fibers  which  ascended  to  supraspinal  structures  as  compared 
to  the  propriospinal  fibers.  Using  the  criteria  of  somatic  spatial 
convergence,  units  were  divided  into  two  types.  One  type  had  wide 
spatial  convergence  of  input  and  a  tendency  for  bilateral  syrrmetry 
receptive-field  location.  The  other  type  had. relatively  small  recep¬ 
tive  fields,  usually  restricted  to  the  ipsllateral  hindlimb.  Small 
amounts  of  barbiturate  greatly  reduced  the  size  of  excitatory  somatic 
receptive  fields  but  did  not  eliminate  the  response  to  'ceral 
stimulation. 


3.  Cushing  reflex10.  An  increase  of  intracranial  pressure  is 
followed  by  a  rise  of  blood  pressure  (Cushing  reflex).  Cushing 
believed  that  this  arterial  hypertension  was  a  protective  reflex 
enhancing  the  chance  for  survival  of  central  neurons.  He  also 
emphasized  that  there  are  several  phases  in  the  response  of  an 
organism  to  progressive  intracranial  hypertension  involving  fluctuating 
patterns  of  changes  In  vital  signs.  He  thus  implied  that  vital  signs 
must  be  monitored  closely  over  a  prolonged  period  of  time  to  enable 
one  to  make  accurate  Inferences  about  an  Individual  patient.  Cushing 
emphasized  Kocher's  four  stages  of  intracranial  hypertension:  (1) 

Stage  of  compensation  The  intracranial  pressure  rises  without  produc¬ 
ing  pressure  signs  or  symptoms;  (2)  Stage  of  early  manifestations 
Pressure  symptoms  such  as  headache  and  irritability  develop;  (3) Stage 
of  maximum  manifestations  Pressure  symptoms  become  severe,  the 
systemic  arterial  bloofl  press ue  rises,  and  there  is  variable  brady¬ 
cardia  and  bradypnea;  (4)  Stage  of  paralysis  The  patient  becomes 
deeply  comatose,  and  a  reversal  of  vital  signs  Is  seen,  namely  arterial 
hypotension  and  tachycardia,  ending  with  apnea  and  death.  This  study 
was  undertaken  in  the  course  of  a  series  of  experiments  on  autonomic 
control  mechanisms,  and  serves  to  elaborate  the  role  of  various  modifi¬ 
cations  of  the  Cushing  reflex  as  mediated  through  spinal  cord  mecha¬ 
nisms. 


The  findings  were  as  follows:  (1)  The  efferent  limb  of  the 
Cushing  reflex  is  the  spinal  sympathetic  nervous  system.  Pressure  or 
hypoxia  acting  directly  on  these  spinal  neurons  elicits  a  graded  vaso¬ 
pressor  response  (Cushing  reflex)  whether  or  not  the  spinal  centers 
have  been  neural ly  isolated  from  the  brain  stem;  (2)  Vagal  activity 
inhibits  the  Cushing  reflex  as  does  anesthesia,  hypovolemia,  and 
adrenergic  or  ganglionic  blocking  agents;  (3)  Hypoventilation 
(hypoxia),  hypoglycemia,  and  blood  in  the  cerebrospinal  fluid  facili¬ 
tates  the  Cushing  reflex;  (4)  Spinal  autonomic  and  somatic  neurons 
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show  faciiitory  and  then  inhibitory  responses  to  abrupt  changes  in 
intradural  pressure  with  markedly  different  time  courses  for  the  two 
neural  svstems;  (5)  The  Cushing  reflex  is  initiated  by  both  ischemia 
(hypoxia)  and  direct  pressure  effects  usually  acting  in  concert.  There 
is  no  evidence  for  a  specialized  intradural  baroreceptor. 

4.  Blood  pressure  regulation?.  In  1876,  Mayer  first 
described  a  periodic  waxing  and  waning  of  blood  pressure  with  a  mucn 
longer  time  course  than  the  respiratory  cycle.  Frequently  confused 
with  Traube-Hering  waves  which  are  synchronous  with  respiration,  Mayor 
or  third-order  blood  pressue  waves  occur  at  1-5  cycles/mi n  and  are  most 
conmonly  seen  in  deteriorating  animal  preparations.  Although  it  has 
long  been  postulated  that  Mayer  waves  reflect  rhythmic  changes  in 
medullary  vasomotor  function,  there  are  diverse  opinions  about  the 
factors  causing  this  rhythmtcity.  Mayer  waves  were  induced  in  the 
systemic  circulation  of  spinalized  (Cs)  •  vagotomized  dogs  under 
barbituate  anesthesia  by  the  acute  elevation  of  spinal  subarachnoid 
pressure  to  between  100  and  i 50  mm  Hg.  Sixteen  spontaneously  dis¬ 
charging  lumbar  sympathetic  units  were  isolated  in  which  the  rate  of 
firing  fluctuated  in  fixed  phase  relationship  with  blood  pressure 
waves;  the  maximum  neural  discharge  preceding  the  peak  in  the  arterial 
wave  by  cne-eighth  cycle.  The  data  suggest  that  the  spinal  centers 
alone  are  capable  of  mediating  Mayer  waves  and  that  the  response  is 
probably  the  result  of  oscillation  of  a  spinal  vasopressor  reflex 
induced  by  ischemia. 

5.  Studies  of  the  vestibular  system.  The  vestibular  system 
has  been  implicated  Tn  autonomic  changes  occurring  in  sleep  and  in 
homeostatic  adjustments  of  vascular  responses  to  changes  of  body  posi¬ 
tion.  Vestibular-autonomic  interactions  are  of  importance  in  problems 
of  motion  sickness  and  in  problems  of  medical  evacuation  flights. 
Current  experiments  have  focused  on  the  neurophysiology  of  vestibular 
afferent  signals. 

The  electron  microscopic  studies  of  Sotelo  and  PalaylS  have 
demonstrated  "gap"  junctions  in  the  lateral  vestibular  nucleus  of  the 
rat.  "Gap"  junctions  have  been  associated  with  the  presence  of  elec¬ 
trical  transmission  in  many  nervous  systems,  although  never  before 
in  the  mammalian  central  nervous  system.  The  present  investigation 
was  undertaken  to  determine  whether  or  not  electrica'  transmission 
across  synapses  takes  place  between  vestibular  afferents  and  second 
order  cells  In  the  lateral  vestibular  nucleus  of  the  rat. 

Microelectrodes  were  used  to  record  the  extracellular  action 
potentials  evoked  from  cells  in  the  vestibular  region  of  the  rat  by 
electrical  stimulation  of  the  vestibular  nerve.  By  using  a  marking 
technique,  It  was  possible  to  determine  the  stereot'.xie  coordinates  of 
the  vestibular  nuclei,  latencies  of  the  electrical  events  accompanying 
transmission  through  the  vestibular  nuclei  have  also  been  determined. 


The  afferent  volley  arrives  at  0.3  Kec.  Many  cells  identified  as 
post-synaptic  units  discharged  with  In  0.5  nsec  of  the  arrival  of  the 
afferent  volley,  a  delay  shorter  than  the  accepted  synaptic  delay  of 
0.5  to  1.0  csec.  By  appropriate  adjustment  of  stimulus  parameters , 
many  of  the  cells  can  be  shown  to  have  a  blmodal  distribution  In  the'r 
latencies,  with  a  discontinuity  between  what  will  be  called  early 
firing  and  late  firing.  Early  firing  occurs  at  an  interval  too  short 
to  allow  a  normal  synaptic  deity,  and  later  firing  occurs  at  an  interval 
allowing  a  normal  synaptic  deity.  Twenty-two  cells  have  been  found 
within  the  lateral  vestibular  nucleus  which  dlspltyed  early  firing. 
Additional  cells  have  been  found  in  the  superior  and  descending  vesti¬ 
bular  nuclei,  although  these  nuclei  have  not  been  systematically 
explored. 

Intracellular  studies  are  now  in  progress  te  determine  the 
events  underlying  early  firing.  Synaptic  potentials  have  now  been 
observed  in  17  cells  with  latencies  to  onset  o~  less  than  0.2  msec 
following  the  arrival  of  the  afferent  volley.  These  potentials 
characteristically  rise  to  a  peak  within  1.2  to  0.3  msec  and  often 
trigger  a  spike  on  their  rising  phase.  In  soue  cases,  the  underlying 
synaptic  potential  is  revealed  only  after  blocking  spike  generation 
by  passing  hyperpol arizing  current  through  the  cell.  This  early, 
rapidly  rising  potential  is  followed  by  a  more  slowly  rising  potential 
with  a  latency  to  onset  greater  than  0.5  msec  following  the  afferent 
volley,  corresponding  to  the  typical  synaptic  delay  observed  in  the 
manual i an  central  nervous  system. 

To  determine  whether  the  short  latency  excitatory  postsynaptic 
potential  (EPSP)  might  be  electrically  generated  by  current  flowing  in 
pre-synaptic  axons,  or  generated  through  the  mediation  of  a  chemical 
transmitter  agent  acting  upon  the  ionic  conductances  of  the  pGSt- 
synaptic  membrane,  the  effect  of  passing  current  through  the  cell  on 
the  EPSP  amplitude  have  been  studied.  To  date,  these  studies  have 
been  successfully  completed  in  7  cells.  In  all  the  early  EPSP 
is  not  affected  by  either  hyperpol a ri zi ng  or  depolarizing  currents, 
whereas  the  amplitude  of  the  late  EPSP  is  voltage  dependent.  Such 
voltage  dependence  is  typically  observed  at  synapses  where  transmission 
is  mediated  by  a  chemical  transmitter. 

The  results  of  the  present  study  suggest  that  there  is  a  dual 
mechanism  of  synaptic  transmission  in  the  vestibular  nuclei  of  the 
rat.  There  is  direct  electrical  coupling  of  the  afferent  fibers  to 
post-synpatic  cells  such  that  current  flowing  during  the  invasion  of 
the  afferent  terminals  flows  through  the  post-synaptic  cells.  In 
addition,  the  invasion  of  the  afferent  terminal  releases  a  chemical 
transmitter  agent  which  acts  upon  the  ionic  conductances  of  the  post¬ 
synaptic  membrane,  generating  a  voltage  dependent  EPSP.  These 
conclusions  are  compatible  with  the  observations  of  Sotelo  and  Pal  ay, 
namely,  that  single  afferent  terminals  form  both  "gap"  junctions  and 
synpatic  complexes  associated  with  vesicles. 


6.  Physiologic  properties  of  interhemlspheri c  neurons  in  the 
somatosensory  cortex.  Sensorimotor  cortex  in  the  cat  contains  a 
vari ety  of  cel  1  types .  Three  major  types  can  be  distinguished  on  the 
basis  of  peripheral  receptive  field  size:  those  with  small  (s), 
intermediate  (sb)  and  large  (m)  fields'®.  The  last  of  these  groups, 
the  m  cells,  provide  most  of  the  axons  which  leave  the  tissue  for  the 
brain  stem  and  spinal  cord.  The  m  cells  are  often  responsive  to 
auditory  and  visual  stimuli  as  well  as  to  somatic  sensory  input;  there 
is  also  reason  to  believe  they  are  sensitive  to  visceral  input. 

Somatosensory  cortex  of  one  hemisphere  receives  dense  connec¬ 
tions  from  the  opposite  somatosensory  cortex  via  the  corpus  callosum^. 
Although  the  m  cell  fraction  is  know  to  provide  most  of  the  cortico- 
fugal  axons  to  the  spinal  cord  and  brain  stem,  it  is  not  known  whether 
they  also  provide  the  axons  which  pass  through  the  callosum  to  the 
opposite  hemisphere^.  The  present  study  is  designed  to  answer  th4s 
question.  Single  unit  records  are  being  made  in  the  cortex  of  cats. 
Electrical  stimuli  are  delivered  to  the  footpads,  the  pyramids  and 
the  corpus  callosum.  The  goal  is  to  identify,  by  antidromic  activation, 
those  cells  which  send  t.--  r  axons  through  the  callosum.  If  success¬ 
ful,  this  will  identify  the  source  of  one  of  the  largest  outputs  of 
sensorimotor  cortex. 

C.  Technical  Developments . 

Under  the  supervision  of  Mr,  Maurice  Swinnen,  the  staff  of  the 
Electronics  Laboratory  has  supported  the  resea ch  program  in  all  depart¬ 
ments  of  the  Division  of  Neuropsychiatry.  Their  efforts  have  produced 
the  following  designs  or  results  in  improvements  by  up-dating  existing 
equipment: 

(1)  Blood  pressure  averager, 

(2)  Light  stimulus  unit, 

(3)  Dermoohmeter, 

(4)  Precision  thermometer  for  use  in  radiation  experiments, 

(5)  Control  light  for  speakers  platform  for  Division  of  Pre¬ 
ventive  Medicine, 

(6)  Electrode  marker  units, 

(7)  Data  display  device  coupled  to  memory  scope, 

(8)  Amplifiers  of  high  impedance  for  microelectrode  studies, 

(9)  Pressure  strain  gauge  processor  for  the  Division  of  Medi¬ 
ci  ne , 

(10)  Temperature  control  for  tissue  oven, 

(11)  Triple  strain  gauge  to  measure  muscle  tension, 

(12)  Hydraulic  blood  pressure  stimulator  to  calibrate  strain- 
gauge  pressure  transducers, 

(13)  Cardiotachometer,  plug-in  type  for  use  with  Offrier 
recorders , 

(14)  Restoration  of  polygraph  recorders, 

(15)  Eight-channel  integrated  circuit  preamplifier. 
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(16)  Eight  channel  EEG  switching  unit, 

(17)  Constant  current  transistorized  lesion  maker, 

(18)  B1 phasic  constant  current  stimulator, 

(19)  Automatic  shut-off  battery  chargers, 

(20)  Complex  control  unit  for  micro- positioning  of  brain 
microelectrodes, 

(21)  Constant  current  stimulator  modified  for  new  functions, 

(22)  Pulse  transformers, 

(23)  Burglar  alarm  for  narcotic- containing  refrigerator, 

(24)  Slide  projector  with  random  access  feature. 

£•  Educational  and  Research  Support  Functions  of  the  Department. 

1.  Department  seminar.  Twinty  lectures  were  given  in  the 
general  area  of  neurophysiology,  neuroendocrinology,  experimental 
psychology  and  neuroanatomy.  The  seminars  were  open  to  members  of  the 
Division,  the  Institute  and  other  members  of  the  Walter  Reed  Army 
Medical  Centers  clinical  and  research  community.  Each  lecture  series 
was  designed  to  cover  a  broad  area  In  each  of  these  disciplines  and 
attempts  were  made  to  show  how  the  ongoing  research  programs  contri¬ 
bute  to  the  development  of  knowledge  In  the  parent  discipline  and 
toward  an  understanding  of  physiology  and  behavior. 

2.  Neurophysiology  lecture  series.  MAJ  C.  F.  Tyner  organized 
a  series  of  eight  lectures  for  the  neurology  residents  of  the  Walter 
Reed  General  Hospital.  Dr.  R.  M.  Wylie,  CPi  F.  J.  Sodetz,  and  MAJ 

J.  P.  Mohr  of  the  Division  of  Neuropsychiatry  also  contributed  lectures 
to  this  course. 

3.  Neuroanatomy  section. 

a.  Hi  stodgy  laboratory.  In  addition  to  Its  own 
research  and  trainlrg  p^gram  in  neuroanatomy,  this  laboratory  sup¬ 
ported  the  work  of  13  Investigators  representing  all  six  departments 
of  the  Division  of  neuropsychiatry.  Our  staff,  under  the  technical 
supervision  of  Mrs.  Mlchle  A.  Vane,  prepared  brain  or  spinal  cord 
tissues  for  182  job  requests.  Dr.  J.  M.  Petras  and  Mrs.  Mlchle  A. 

Vane  provided  technical  training  for  off-post  University  technicians 
or  investigators  visiting  this  laboratory.  These  persons  came  from 
the  Johns  Hopkins  University  School  of  Medictne,  the  Harvard  University 
School  of  Medicine,  the  Medical  College  of  Virginia,  Virginia  Common¬ 
wealth  University*  the  Museum  of  Natural  History  of  tne  Smithsonian 
Institution,  and  Northern  nrizona  University. 

b.  Electron  microscopy  laboratory.  Technical  training 
In  the  preparation  of  tissues  for  electron  microscopy  and  In  the  use 
and  functions  of  the  electron  microscope  wer*»  provided  by  ITC  Robert 
Cardiff  and  Mr,  Cyril  Wingfield  for  7  investigators  and  8  technicians 
from  the  Divisions  of  Neuropsychiatry ,  Medicine,  Communicable  Diseases 
and  Imnunology,  Experimental  Pathology  and  the  Walter  Reed  General 
Hospital. 
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Description. 


This  program  is  concerned  with  the  role  of  the  central  nervous  system 
in  the  co-ordination  of  endocrine  regulation.  Instead  of  the  conven¬ 
tional  study  of  single  endocrine  systems  in  isolation,  multiple  endo¬ 
crine  systems  are  studied  concurrently  so  that  the  overall  balance 
between  the  many  interdependent  hormones  may  be  investigated.  In 
recent  years  we  have  learned  that  various  forms  of  psychological  and 
physical  "stress"  elicit  broadly  organized  patterns  of  hormonal  re¬ 
sponse  involving  many  hormones  in  addition  to  those  of  the  adrenal 
systems.  A  major  goal  is  to  define  conclusively  these  distinctive 
"overall"  hormonal  response  patterns  for  various  stressful  stimuli, 
including  psychological  stimuli,  cold,  heat,  hypoxia,  fasting, 
exercise,  hemorrhage,  dehydration,  trauma,  infection,  and  various 
nutritional  changes.  Such  basic  knowledge  of  the  integrative  machin¬ 
ery  is  essential  as  a  foundation  for  neuroendocrine  approaches  to  the 
study  of  clinical  and  field  problems  concerned  with  such  parameters 
as  endurance,  fatigue,  host  resistance  and  performance.  Bnphasis  in 
the  past  year  has  shifted  from  animal  work  to  clinical  experiments. 
Particular  attention  has  been  given  to  the  hormonal  correlates  of 
endurance  during  various  forms  of  physical  stress.  A  major  portion 
of  our  efforts  has  been  the  continued  collaboration  with  the  Army 
Research  Institute  for  Environmental  Medicine  (ARIQi)  at  Natick, 
Massachusetts.  A  substantial  amount  of  wo -k  on  the  development  of 
new  or  improved  hormone  assay  procedures  has  also  been  continued  in 
order  to  provide  the  necessary  methodological  foundation  for  this 
stress  research  program. 

P  rogress . 

1 ,  Hormonal  Balance  in  Physical  Stress. 

a.  Exercise.  In  collaboration  with  LTC  Howai  '  Hartley  at  ARIQi, 
we  have  continued  our  studies  of  the  neuroendocr:  u-  responses  to  the 
stress  of  exercise.  In  the  laboratory,  hormonal  resoonses  of  human 
volunteers  have  been  measured  to  both  graded  exercise  at  carefully 


measured  work  loads  of  increasing  intensity  and  also  to  sustained  ex¬ 
ercise  to  the  point  of  exhaustion.  All  of  these  measurements  were 
obtained  before  and  after  an  eight-week  intense  physical  training 
program  to  determine  the  effects  of  conditioning  on  both  exercise  en¬ 
durance  and  the  neuroendocrine  responses  to  exercise. 

During  graded  exercise,  plasma  norepinephrine  increased  and  the 
increase  was  dependent  upon  the  intensity  of  exercise.  Epinephrine 
increased  significantly  only  after  a  work  load  of  maximal  intensity. 
Growth  hormone  was  also  elevated  following  exercise,  although  there 
was  no  apparent  correlation  between  the  intensity  of  exercise  and  the 
magnitude  of  the  growth  hormone  response.  Plasma  cortisol  increased 
slightly  only  after  exercise  at  the  maximum  work  load.  Similar  to  the 
norepinephrine  response,  plasma  renin  activity  increased  in  a  stepwise 
fashion  at  work  loads  of  increasing  intensity.  Plasma  insulin  was 
depressed  by  exercise. 

The  hormonal  responses  to  sustained  exercise  were  similar.  At  the 
point  of  exhaustion,  catecholamines  and  growth  hormone  were  signifi¬ 
cantly  elevated;  serum  cortisol  was  also  slightly  elevated.  Plasma 
insulin  concentration  continued  to  decrease  throughout  the  exercise 
session  and  was  at  its  lowest  point  at  the  time  of  exhaustion. 

The  eight-week  physical  training  program  significantly  improved  ex¬ 
ercise  tolerance.  In  response  to  graded  exercise,  and  at  the  point 
of  oxnaustion  during  sustained  exercise,  plasma  insulin  concentration 
was  sig  i  '  icantly  higher  after  conditioning  than  prior  to  condition¬ 
ing.  I'.,  was  suggested  that  the  greater  exercise  endurance  after 
i.  lining  might  be  related  to  this  insulin  response. 

Also  in  collaboration  with  LTC  Hartley,  exercise  endurance  and  the 
hormonal  responses  to  exercise  are  being  studied  before  and  after  a 
ten-day  trek  in  Alaska,  involving  exposure  to  cold.  After  the  expo¬ 
sure,  exercise  tolerance  was  unchanged;  results  of  hormonal  measure¬ 
ments  are  not  yet  available. 

b.  Altitude.  In  collaboration  with  LTC  Hartley  and  MAJ  Redmond 
Hogan  at  ARIQ4,  the  hormonal  responses  to  exposure  to  a  simulated 
altitude  of  12,000  feet  are  being  studied.  An  attempt  will  be  made 
to  determine  if  hormonal  changes,  including  changes  in  the  renin- 
aldosterone  system,  correlate  with  the  aopearance  of  clinical  symp¬ 
toms  at  altitude.  Preliminary  results  indicate  a  significant 
elevation  of  17-OH  steroid  excretion  at  altitude.  Other  hormones 
are  presently  being  measured. 

C.  Cold.  Several  experiments  have  now  been  completed  on  the 
organization  of  multiple  hormonal  responses  to  cold  in  the  monkey. 
Gradual  lowering  of  the  temperature  from  25°C  to  5°C  results  in  marked 
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changes  in  hormonal  patterns.  Excretion  of  1/-0H  steroids,  epineph¬ 
rine  and  norepinephrine  showed  marked  and  sustained  increases  while 
testosterone  decreases.  No  significant  changes  have  been  observed 
in  plasma  growth  hormone  or  insulin  levels.  Plasma  thyroxine,  free 
thyroxine  and  TSH  levels  have  shown  a  delayed  increase  and  there  is 
some  evidence,  to  suggest  that  an  increase  in  the  response  of  these 
hormones  occurs  during  repeated  exposure  to  cold, 

d.  Heat.  Continued  studies  of  chronic  heat  stress  in  the  monkey 
have  confirmed  preliminary  observations  indicating  a  suppression  of 
17-OH  steroid,  norepinephrine,  and  epinephrine  levels  with  heat  ex¬ 
posure.  Alternating  four-week  periods  with  temperatures  up  to  85°F 
with  four-week  periods  of  room  temperature,  there  is  a  predictable, 
sustained,  and  consistent  suppression  of  17-OH  steroid  excretion 
during  exposure  to  the  temperature  elevation. 

e.  Prolonged  Bed  Rest.  The  hormonal  response  to  ten  days  of 
complete  bed  rest  in  normal  volunteers  is  presently  being  measured. 
There  are  no  significant  changes  of  17-OH  steroid  excretion  during 
bed  rest.  The  renin  response  to  the  upright  posture  is  significantly 
greater  immediately  after  bed  rest  than  prior  to  bed  rest. 

2.  Hormonal  Balance  in  Emotional  Stress. 


Strikingly  consistent  individual  responses  and  significant  mean  ele¬ 
vations  of  plasma  TSH,  cortisol  and  norepinephrine  concentrations 
were  observed  during  a  20-minute  interval  prior  to  exhausting  exer¬ 
cise  in  eight  normal  young  men.  No  detectable  plasma  epinephrine 
response  was  observed.  These  observations  confirm  previous  work  in 
the  monkey  indicating  that  the  pituitary-adrenal  cortical  system  is 
remarkably  sensitive  to  psychological  stress. 

3.  Hormonal  Balance  in  Medical  Illness. 

a.  Hypertension.  MAJ  Kotchen  has  continued  to  study  the  hor¬ 
monal  profile  in  patients  with  essential  hypertension.  A  total  of 
eight  patients  have  been  studied;  each  was  admitted  to  the  Metabolic 
Ward  of  the  Walter  Reed  General  Hospital  for  at  least  two  weeks  and 
daily  hormonal  measurements  were  obtained.  To  date,  the  most  strik¬ 
ing  hormonal  finding  is  a  relatively  constant  17-OH  steroid  excre¬ 
tion  despite  fluctuations  in  catecholamine  excretion  associated  with 
stressful  situations.  This  is  in  marked  contrast  to  the  elevation 
of  both  17-OH  steroid  and  catecholamine  excretion  associated  with 
stress  in  the  monkey  and  in  normotensive  man. 

To  supplement  the  hormonal  data,  each  patient  underwent  a  psychiatric 
interview  bv  Dr.  Myron  Belfer  of  the  National  Institute  of  Mental 
Health  and  completed  several  psychological  tests  administered  by  M^J 
Fred  Smith,  Department  of  Psychology,  WRGH,  At  the  completion  of  the 
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study,  an  attempt  will  be  made  to  correlate  the  hormonal  profile  with 
each  patient's  characteristic  manner  of  dealing  with  anxiety  and 
with  his  unique  environmental  perception. 

In  addition,  the  kinetics  of  the  renin-angiotensin  system  have  been 
studied  in  a  number  of  other  hypertensive  patients.'  Hypertensive 
plasma  has  been  found  to  be  deficient  of  a  r*  .tin  inhibitor.  At  least 
in  some  hypertensive  patients,  this  may  be  etiologically  related  to 
the  hypertension. 

b.  Colitis.  Similar  hormonal  and  psychiatric  data  have  been 
obtained  in  a  pilot  study  of  four  patients  with  colitis,  in  collabo¬ 
ration  with  Dr.  Arthur  McMahon  of  the  New  England  Medical  Center  in 
Boston.  Preliminary  results  suggest  several  unique  hormonal  charac¬ 
teristics.  Plasma  epinephrine  tends  to  be  suppressed  and  androgen 
tends  to  be  elevated  in  the  coli'ti,.  patients.  Attempts  are  being 
made  to  correlate  the  hormonal  dat;\  with  psychiatric  observations. 

c.  Malaria.  In  collaboration  with  LTC  Jerry  Earll ,  daily  cate¬ 
cholamine  excretion  was  measured  in  six  normal  human  volunteers 
before  and  after  injection  of  malaria  parasites.  There  was  no  signif¬ 
icant  change  of  catecholamine  excretion  even  during  the  acute  febrile 
illness.  A  more  detailed  description  of  this  study  will  be  submitted 
by  LTC  Earll  in  the  annual  report  of  the  Department  of  Metabolism. 

4,  Hormonal  Responses  to  Brain  Stimulation. 

MAJ  Ehle  has  completed  a  series  of  experiments  in  chair-restrained 
monkeys  with  chronically  Implanted  electrodes  that  show  that  stimula¬ 
tion  of  the  amygdala  can  increase  plasma  levels  of  both  cortisol  and 
growth  hormone.  Preliminary  experiments  have  demonstrated  increases 
in  urinary  testosterone  excretion  following  similar  stimulations. 
These  responses  appear  to  be  localized  in  the  posterior  portion  of 
the  amygdaloid  complex.  Stimulation  at  sites  in  the  anterior  amygdala 
and  hippocampus  have  not  yielded  Increases  in  these  hormones. 

5 .  Hormone  Assay  Methodology. 

Mrs,  Wherry  and  Mr.  Pennington  have  set  up  immunoassay  procedures  for 
measurement  of  plasma  FSH  and  LH.  MAJ  Kotchen  has  set  up  an  immuno¬ 
assay  for  plasma  angiotensin.  Attempts  to  develop  an  immunoassay  for 
vasopressin  are  continuing.  Mr.  Mougey  has  helped  develop  methods 
for  the  measurement  of  several  thyroid  function  studies:  T^  uptake, 
total  T4,  free  T^.  Th^se  methods  are  now  available  for  routine  use. 

Summary  and  Conclusions. 

We  have  continued  to  study  the  overall  hormonal  responses  to  a  va  l- 
ety  of  different  "stresses"  in  both  man  and  the  monkey.  Our  basic 
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studies  continue  to  show  that  multiple  hormonal  responses  occur  in 
various  physical  and  psychological  stress  situations  and  that  these 
multiple  responses  appear  to  be  broadly  organized  in  a  way  that  is 
distinctive  for  that  particular  stimulus.  Furthermore,  the  neuroendo¬ 
crine  responses  to  stress  may  ultimately  be  related  to  the  ability  to 
function  during  the  stress.  Similarly,  the  neuroendocrine  responses 
associated  with  a  medical  disease,  such  as  hypertension  or  colitis, 
may  conceivably  be  related  to  the  pathogenesis  of  the  disease. 

The  continued  development  of  more  sophisticated  laboratory  methods  has 
greatly  enhanced  our  ability  to  measure  a  variety  of  different  hormone 
responses. 
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Task  00,  Military  Preventive  Medicine 
Work  Unit  030,  Global  health  data 
Investigators: 

Principal:  COL  Hinton  J.  Baker,  MC 

Associates:  Ann  C.  Fred,  M.  D. ;  Eleanor  R.  Cross;  and  Douglas  L.  Floyd 
Description: 


The  extraction  of  the  literature  for  pertinent  material  on  leptospirosis,  schisto¬ 
somiasis,  Rocky  Mountain  Spotted  Fever,  tularemia,  leishmaniasis  and  trypano¬ 
somiasis  continues.  Extracts  (1700),  concepts  (9),  and  potentials  on  leptospiro¬ 
sis  are  now  in  the  computer  as  a  prototype  data  base. 

Hie  development  of  an  adequate  storage  and  retrieval  system  has  been  a  pri¬ 
mary  objective  during  the  subject  period.  Microfiche  and  microfiim  are  being 
made  and  used  extensively  in  the  department's  document  collection. 

Progress:  The  development  of  concepts  of  disease  or  diseases  in  light  of  geog¬ 
raphy,  topography,  meteorology  and  other  physical  attributes,  as  well  as  etio¬ 
logical  factors,  is  closer  to  reality  as  a  result  of  the  increased  input  into  the 
computer.  It  is  anticipated  that  health  data  publications  will  resume  as  soon  as 
the  retrieval  information  system  is  well  established. 
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Task  00,  Military  Preventive  Medicine 

Work  Unit  032,  Pilot  study  to  determine  hearing  impairment 
among  retiring  Army  personnel 

Investigators , 

Principal:  MAJ  Charles  T.  Kaelber,  MC 

Associate:  LTC  Charles  R.  Webb,  Jr,,  MC;  MAJ  Craig  B. 

Llewellyn,  MC 

Some  military  environments  emit  noise  levels  high  enough  to 
produce  permanent  hearing  impairment.  While  a  program  to 
conserve  hearing  has  existed  for  many  years,  hearing  loss 
is  not  uncommonly  reported  among  active  dutv  personnel. 

Hearing  acuity  is  routinely  measured  as  part  of  the  terminal 
length-of-service  separation  physical  examination,  and  the 
results  are  forwarded  to  the  Physical  Standards  Division, 
SGO/DA. 

The  specific  aims  of  this  pilot  project  are  (1)  to  survey 
a  sample  of  retiring  Army  personnel  for  the  frequency  and 
degree  of  hearing  impairment  as  recorded  on  sepaiation 
physical  examination  forms,  and  (2)  to  compare  the  demo¬ 
graphic  characteristics  available  from  this  form  for  those 
with  and  those  without  recorded  hearing  impairments. 

Data  are  being  obtained  from  the  physical  examination  forms 
(SF  88)  which  are  processed  in  PSD  SGO  DA.  Hearing  status 
evaluated  from  the  statement  of  the  examining  physician  who 
lists  a  diagnosis  of  hearing  impairment  (SF  88,  Item  74)  and 
also  from  the  recorded  results  of  audiometry  (Item  71). 

Data  collection  is  presently  underway,  but  no  results  are 
available  yet 
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23.  (U)  To  define  the  ecology  of  viruses  of  miltary  importance  in  Southeast  Asia  thus 
providing  a  rational  basis  for  decisions  vhich  involve  association  vi th  or  control  of 
that  or  a  similar  virus  ecosystem. 

2t.  (u)  Component  parts  of  the  natural  viral  ecosystem  (e.g.  vectors,  hosts,  reservoirs) 
and  variables  which  affect,  these  component  parts  (e.g.  rainfall,  topography,  immunity) 
are  identified  and  quantified  through  the  disciplines  of  clinical  medicine,  medical, 
entomology,  epidemiology,  veterinary  medicine  and  virology. 

25.  (U)  70  07  -  71  06  An  epidemic  of  Japanese  encephalitis  (J£)  occurred  in  the  Chianc 
Mai  Valley  during  the  monsoon  season  of  1?70.  The  incidence  of  encephalitis  was 
estimated  to  be  1 . 5-1 .3/10,000  year  and  the  incidence  of  inapparer.t  JEV  infection  was 
200-1*00/10,000  of  the  Valley  population.  JE  virus  was  isolated  from  C. 
trit3eniorhy.nchus ,  gelidus,  and  fuscocephala .  Widespread  and  uniform  exposure  to 
JEV  virus  throughout  the  urban  and  rural  areas  of  the  Chiang  Mai  Valley  was  seen. 

Ho  evidence  was  found  that  prior  Group  B  arbovirus  antibody  protected  against  apparent 
or  inapparent  JEV  infections.  Cases  of  "summer  encephalitis"  occurring  in  U.E. 
military  personnel  in  RVN  were  found  caused  by  JEV.  Methods  for  the  detection  of 
hepatitis  associated  antigen  (HAA)  were  established.  About  1*0  percent  of  hospitalised 
hepatitis  cases  studied  in  Thailand  were  associated  with  HAA,  and  the  prevalence  of 
HAA  in  Thai  blood  donors  is  6  percent.  For  technical  reports  see  Walter  Reed  Army 
nstitute  of  Research  Annual  Progress  Report,  1  Jul  70  -  30  Jun  71. 


t 


'SI 


A**tt*bl*  10  i 


mmrImhmJSSS 


DD,1°.VJ498 


DRCVIOUS  EDITIONS  or  THIS  FORM  ARC  OBSOLETE.  DO  FORMS  UIIIA.  I  NOV  AS 
AND  1  MAR  tl  IFOR  ARMY  USE  I  ARE  OBSOLETE 


jPwi  t  vV  V. 


i  ft  I 


Project  3A062H0A811  MILITARY  MEDICAL  RESEARCH  PROGRAM  S.E.  ASIA 
Task  00,  Tropical  and  Subtropical  Military  Medical  Research 
Work  Unit  044,  Virus  disease  of  man  and  animals 
Investigators. 

Principal:  Franklin  H.  Top.,  Jr.,  LTC,  MC 

Associate:  Ananda  Nlsalak,  M.D.;  Anong  Pari/anonda,  M.S.;  Avudh 

Srisukri,  M.D.;  Chaninthorn  Suvongse,  M.D.;  Robert  B. 
Cotton,  MAJ,  MC;  Debhanom  Muangman,  M.D.;  Dumrong 
Chiewsilp,  CPT,  MC,  RTA;  Robert  Edelman,  MAJ,  MC; 
Howard  B.  Emery,  M.D.*;  Marvin  H,  Firestone,  MAJ,  MC; 
Allen  M.  Glasgow,  CPT,  MC;  Douglas  J.  Gould,  Ph.D,; 
Richard  A.  Grossman,  MAJ,  MC;  Robert  L.  Hickman,  MAJ, 
VC;  Vincent  J.  ionata,  CPT,  MC**;  Jira  Sltasuwan,  M.D.; 
Dennis  0,  Johnson,  MAJ,  VC;  Kanda  Vathanophas,  M.D.; 
Kwanyuen  Lawhaswasdi,  DVM;  Markpol  Tingpaiapong;  Joe 
T.  Marshall,  Jr.,  Ph.D.;  Ronald  E.  Marshall,  SP5; 
Pairatana  Gunakasem,  M.D.;  Phanu  Sitthisomwong,  DDS 
(deceased);  Pien  Chiewanich,  M.D.;  Prathan  Voodhigul, 
M.D.;  Pricha  Singharaj,  M.D.;  Rapin  Snitbhan,  M.D.; 
Robert  M.  Russell,  CPT,  MC**;  Sittiboon  Buranavej,  ETC, 
MC,  RTA;  James  P.  Slowey,  SFC;  Thomas  J.  Smith,  COL, 
MC  (deceased);  Suchinda  Udomsakdi,  M.D.;  Michael  J. 
Sullivan,  CPT,  MSC;  James  E.  Williams,  CPT,  M8C; 
Ronald  G.  Wilson,  M.D.*; 


*  Peace  Corps  physician,  Thailand 

**  Preventive  Medicine  Officer,  20th  Preventive  Medicine  Unit,  Long 
Blnh,  R.V.N. 


Studies  on  Japanese  Encephalitis 

1.  The  Epidemiology  (Ecology)  of  Japanese  Encephalitis  Virus  (JEV) 
Infections  in  Chiang  Mai. 

Project  Coordinator  Richard  A.  Grossman,  MAJ,  MC 

Principal  Investigators:  Ricnard  A,  Grossman,  MAJ,  MC 
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G3IECTIVE:  To  investigate  the  ecology  of  Japanese  encephalitis  in  the 
Chiang  Mai  area  of  Northern  Thailand,  with  particular  referenee  to 
aspects  contributory  to  infection  in  humans.  Specific  areas  and  their 
objectives  include  the  following: 

1)  Epidemiology:  Assess  the  epidemiologic  variables  of  human 
apparent  and  inapparent  JEV  infection;  define  human  risk  factors;  determine 
animal  reservoirs  of  JE  virus;  ascertain  environmental  variables  of 
possible  importance;  study  epidemiological  interrelationships  of  multiple 
co-existing  group  B  arboviruses  in  a  discrete  area;  assess  potential  for 
JEV  control  measures. 

2)  Entomology:  Determine  the  identity  of  mosquitoes  involved  in  the 
transmission  of  JE  virus  and  measure  the  seasonal  density,  host  prefer¬ 
ences,  insecticide  susceptibility  status  and  flight  dispersal  character¬ 
istics  of  suspected  vector  species. 

3)  Neuropsychiatry:  Define  clinical  patterns  of  acute  neuropsychiatric 
defects  and  complications;  follow  mental  status  changes,  E2G  changes 
and  neurological  deficits  in  convalescent  patients,  assessing  nature, 
duration  and  progression  of  such  abnormalities;  attempt  to  correlate 
antibody  titer  levels  over  time  with  nature  of  CNS  changes  in  convalescent 
patients;  assess  the  influence  of  home  environment  and  school  or  job 
environment  on  the  behavior  of  convalescent  patients;  determine  if  any  JE 
patients  present  with  acute  psychosis  at  the  major  psychiatric  hospital  in 
Chiang  Mai. 

4)  Virus  Laboratory:  Provide  the  virologlc  support  for  all  of  the  above 
efforts  including  virus  isolation,  virus  identification,  and  serology. 
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Improve  current  virus  isolation  ani  iJer.tr  .cat  on  systems;  search  for 
more  specific  serologic  tests  in  group  B  -.ro-ovirus  infections;  character¬ 
ize  JEV  isolates;  attempt  .c  improve  c  -rro  sentinel  ar.LT.ii  systems; 
examine  mie  of  small  vertebrates  -n  tne  e.-cicg >  of  J£V;  perform  mosquito 
transmission  studies. 

DESCRIPTION:  The  background  and  initial  methods  used  were  described 
in  last  year's  report.  To  briefly  su.mrr  arize,  a  large  epidemic  of  JE  had 
occuned  in  the  Chiang  Mai  area  ir.  196:?.  ;E  virus  was  isolated  from  a 
human  oral:;,  several  suspect  animal  reser.’oirs  had  ample  serologic 
evidence  of  previous  TEV  infection  _.  d  tw  r  ~uiex  species,  known  to  be 
JEV  vectors  eisewnere,  v.-ere  fojr.c  tc  slunuant.  After  the  epidemic 
had  ended  in  November.  1969,  ore  urban  school  Ln  Chiang  Mai  City  and 
4  scattered  villages  in  the  Chiang  Mai  VaJioy  were  selected  as  field  study 
sites.  Appropriate  samples  cf  pec  fie  were  selected  at  each  site  for 
intensive  prospective  sur.-eliiar.ee. 

The  post-season  (Noverr.oer  :9o9)  bleed  cf  the  cohort  In  the  5  areas 
showed  differences  of  group  6  arbovirus  serological  patterns  between  the 
areas,  L-ut  Lhe  patterns  could  r  ot  ce  reliably  interpreted  from  the  HI  test 
alone  due  to  the  large  amount  of  rca.  cr  cross-reactive  dengue  antibody 
present.  Nevertheless  in  each  area,  the  group  3  prevalence  rose  with 
age,  which  was  consistent  with  the  relief  that  JE1/,  dengue  (and  possibly 
other  group  3  agents)  were  Indeec  endemic  in  the  Cmang  Mai  Valley. 

Mosquito  collections  for  virus  isolation  attempts  were  begun  In 
October  1963.  Nc  viruses  were  isolated  frc~  1042  mosquito  pools 
collected  during  the  dry  seas*'  n  from  November  -96S  to  March  1970, 
Mosquito  collections  made  between  October  196S  and  February  1970 
indicated  that  mosquito  breeding  eccured  during  the  winter  season  at  a 
very  slow  rate.  Males,  nulii^a^ous  ani  pa  reus  females  and  larvae  of 
Gulex  species  were  collected  a.  Inc  tr.is  period.  Over  80%  of  cattle, 
buffalo,  dog  and  pig  sera  collected  i  i  November  -969  were  positive  for 
JEV  HI  antiboay.  Starting  in  March,  1370,  J TV  ar.tibody-free  pigs  (aged 
3  months)  were  placed  as  sentinel  hosts  m  each  of  the  4  study  villages. 
They  were  bled  monthly,  and  JEV  converters  promptly  replaced.  In 
addition,  we  twice  attempted  to  use  chickens  as  sentinel  hosts,  but  on 
neither  occasion  diu  they  s how  serological  evidence  cf  infection .  We 
bled  the  human  cohort  and  available  domestic  Indigenous  animals  3  times 
in  1970:  March-Aprli  (before  Lhe  rains),  July-August  (during  the  rains) 
and  November  1970  (after  the  rains).  In  addition,  various  wild  animals, 
especially  the  house  sparrow.  Passer  montanus,  were  caught  and  bled  for 
serolo^icai  and  virologicai  evidence  of  JEV  infection  and  a  possible  role 
in  the  JE  ecologlc  cycle. 


The  neuropsycrnatric  and  clinical  studies 
major  Chiang  Mai  hospitals  (Suan  Dork  and  McC? 
psychiatric  '•  capita.!  (Smn  Prungj,  aid  twt  -ur. 

(Lamphun  n:A  La rr. pang) .  With  this  broad  case  ic  ...  .<- 
believe  that  very  few  j£  cases  from  Chiang  Mai  Valle 
facility  were  missed.  The  accessible- families  .  - 

were  visited  and  paired  sera  were  collected.  Confirmed  TE 
followed  monthly  for  one  year  after  discharge  with  re;  eur.br: 
examinations,  (including  E.E.G.,  mental  status  e>:u. u. 
testing)  and  by  interviews  with  teachers  or  employers  of  '.1 
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PROGRESS:  A  JE  epidemic  in  humans  occurred  in  ib'/l,  f  are-  were  docu¬ 
mented  from  Chiang  Mai.,  Chiang  Rai#  Lamphun  ana  pi  evinces  at 

the  5  study  hospitals.  In  addition,  a  US  Peace  Corps  Volunteer  living  in 
Phrae  province,  had  serologically  confirmed  JE.  There  i c  thus  good 
evidence  for  JE  endemicity  in  most  of  the  valleys  of  North  err  Thailand. 

Since  the  main  purpose  of  this  study  was  to  define  the  ecology  of  JE  in  a 
relatively  discrete  area,  the  remainder  of  this  report  ••'ill  present  only 
results  referable  to  the  Chiang  Mai  Valley  which,  inch,  css  the  major 
cities,  and  parts  of  their  provinces,  Chiang  Mai  ana  Lamphun, 

The  first  rains  of  1970  began  in  March  and  were  followed  by  a  steady 
increase  in  the  population  densities  of  suspected  vector  species  of 
mosquitoes  in  the  four  village  sites.  Peaks  in  population  densities  of 
these  species,  as  measured  by  weekly  light-trap  collections,  occurred 
between  May  and  August  -  varying  according  to  the  village  sampled. 

Biting  collections  from  domestic  animals  indicated  that  biting  activity  by 
C.  fuscocephala  and  C„  tritaenlorhynchus  was  maintained  all  night,  with 
peaks  between  0100  and  0400  hours.  Biting  collections  and  precipitin  tests 
of  engorged  mosquitoes  from  light-trap  collections  indicated  that  C. 
tritaenlorhynchus.  C.  gelldus  and  C.  fuscocephala  fed  in  greatest  num¬ 
bers  on  cattle  or  buffalo  ana  on  pigs,  in  that  oruer.  Ail  three  of  these 
culicine  species  shewed  a  reluctance  to  enter  house.  -L?  tv .  April 
1970  and  31  March  1971  a  total  of  391,108  mosquitoes  were  pooled  for 
virus  isolation  attempts.  These  included  140,250  C,  fcsoocephata . 

11,675  C.  gelldus  and  175, 26o  C.  tritaeniorhynenus .  A  total  of  13  J£V 
isolations  were  obtained  from  these  mosquitoes.  The  first  rrT  Melon/-* 
was  recovered  from  a  pool  of  C.  tritaeniorhynch^s  collected  on  2  7  Aprii, 
During  May  a  total  of  8  JEV  strains  were  isolated,  6  from  C . tritaenlorhynchus 
pools  and  2  from  G.  fuscocephala .  From  June  to  August  only  ■  JEV  mosquito 
isolate  (C.  tritaeniorhynchus)  was  obtained,  but  3  strains  of  this  virus 
were  recovered  from  pools  of  C.  gelldus  collected  during  September  from 
3  separate  sites.  No  JEV  isolations  were  made  from  C  ,  yeiidu?  collected 
prior  to  September,  although  greater  numbers  of  that  mosquito  had  been 
collected  and  tested  in  previous  months.  Insecticide  susceptibility  tests 
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made  with  C.  tritaeniorhynchus .  C.  qeltdus  and  G.  fuscocephala  from 
Chiang  Mai  province  indicated  that  all  r.hre-i  species  were  resistant  to 
DDT  but  susceptible  to  rnalathlon. 

Sentinel  pigs  placed  in  the  four  village  sites  in  late  March  were  bled 
at  the  end  of  April,  and  all  were  negati  3.  However,  between  27  April 
and  30  May,  30%  of  the  sentinels  in  3  <A  the  4  villages  had  developed 
antibodies  to  JEV.  The  sentinel  pig  conversions  paralleled  the  mosquito 
population  indices,  with  a  peak  of  66%  conversions  In  July,  decreasing 
to  20%  in  December  and  0%  in  January  and  February  1971.  In  at  least  2 
of  the  4  study  villages  sentinel  pigs  converted  to  positive  during  each  of 
the  8  successive  months  (May-Dec).  The  sentinel  chicken  effort  was 
negative,  for  none  of  100  chickens  set  out  in  villages  during  July  and 
September  converted  to  JEV  or  had  a  detaciable  JE  vlremia.  Over  1100 
Passer  montanus  sera  were  collected  in  study  villages  from  April  1970  to 
March  1971,  Of  70  Passer  sera  tested  so  far  by  PRNT,  4  sera  from  birds 
collected  In  July  showed  significant  plaque  reduction  at  a  dilution  of 
1:19.  Serological  and  virological  results  on  most  of  the  sera  from  small 
wild  vertebrates  is  pending. 

No  encephalitis  cases  were  admitted  to  any  of  the  hospitals  in  the 
area  between  February  and  April.  The  first  serologically  confirmed  JE 
case  was  admitted  on  19  April,  and  several  more  cases  appeared  on  11 
May.  From  11  May  to  the  end  of  1970,  100  Chiang  Mai  Valley  residents 
were  admitted  with  the  diagnosis  of  encephalitis .  The  number  of  cases 
admitted  per  month  was  as  follows:  May  (23),  June  (39),  July  (22), 

August  (3),  September  (5),  October  (4),  November  (2)  and  December  (2). 
Although  4  of  the  first  5  cases  in  May  came  from  one  district  (where  3  of 
the  first  5  JEV  mosquito  Isolates  were  obtained),  there  was  no  other 
evidence  of  spatial  clustering  of  cases .  The  100  cases  came  from  each 
of  the  11  districts  and  from  59  of  the  113  subdistricts  of  the  valley. 
Almost  2/3  of  the  cases  were  male,  which  was  the  sex  ratio  observed  In 
1969  and  is  the  usual  Japanese  experience.  The  overall  case  fatality 
rate  was  19%,  but  females  had  an  appreciably  larger  fatality  rate  (25%) 
than  the  males  (15%),  The  median  age  (about  10  years)  was  strikingly 
similar  for  males,  females,  those  that  died  and  those  with  serologically 
confirmed  JEV  infections.  Ninety-three  of  100  cases  had  paired  sere 
submitted  and  70(75.3%)  were  serologically  confirmed  by  the  HI  test  as 
JE,  A  small  number  of  patients  had  confirmatory  CF  and  PRNT  tests 
performed.  Convalescent  patients  are  still  under  neuropsychiatric  and 
serological  surveillance  and  therefore  followup  data  on  these  patients  are 
not  available  at  this  time. 

Serologic  analysis  of  HI  results  on  tho  70  confirmed  human  oases 
revealed  that  45(64,3%)  were  definite  or  probable  primary  JEV  infections 
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while  21(30.0%)  gave  cross -reactive  Mgn  titer  antibody  response  to 
dengue  serotypes  and  are  presumably  roe- ni  JEV  infections  in  individuals 
with  previous  group  B  infections,  On'i  4  patients  showed  intermediate 
serological  patterns  which  could  not  be  classified  as  either  primary  or 
secondary  infections  by  our  criteria c  The  median  age  was  slightly  lower 
for  primary  (9.2)  versus  secondary  (1-1.5}  responders.  There  was  no 
difference  in  the  serological  patterns  of  males  and  females.  Attempts  are 
underway  in  the  laboratory  tc  identify  the  previous  group  B  arbovirus 
infections  in  patients  with  JE„  Two  or  mere  serum  specimens  were  collect¬ 
ed  from  family  members  of  55  cases  of  Jf,:  of  the  230  family  sera  (minus 
case  sera),  5(2.2%)  had  significant  JEV  antibody  rises  by  the  HI  and  CF 
tests  while  3  more  people  had  rises  only  in  the  HI  test.  The  total  of  8 
individuals  (3.5%)  thus  represents  the  maximum  estimate  of  concurrent 
familial  inapparent  JEV  infection,  when  starting  from  index  cases. 

The  village  and  school  serum  samples  included  ever  90%  of  the  cohort 
for  the  3  serum  collections  in  3.S70,  There  was  little  human  population 
change  in  the  rural  villages;  there  was  net  decrease  of  only  7  people, 
between  November  1969  -  November  1970 ,>  There  was  a  much  larger 
turnover  in  the  domestic  animal  populations  of  the  A  study  villages, 
especially  of  the  pigs.  The  overall  numbers  of  pigs  were  similar  in 
November  1969  and  November  1970,  but  virtually  ever/  non-breeder  was 
eaten,  sold  or  died,  and  was  replaced  by  fresh  young  pigs  bought,  or 
bred,  locally.  This  uninterrupted  breeding  pattern  continued  throughout 
the  year. 

After  the  November  1970  sera  were  collected,  the  study  area  samples 
were  run  simultaneously  by  the  HI  test,  starting  at  a  1:10  serum  dilution 
against  4-8  units  of  HA  antigen.  The  November  1969  sera  had  previously 
been  run  starting  at  a  1:20  dilution  and  were  reported  in  last  year's 
annual  report.  There  was  no  evidence  of  significant  JEV  transmission 
between  the  November  1963  and  April  1970  specimens  and  surprisingly 
little  (<2-foid)  decrease  in  JEV  titers  during  this  4  month  interval.  The 
November  1969  specimens  have  been  re-analysed  with  the  following 
results.  Villages  (A)  and  (B)  had  very'  little  evidence  of  previous  dengue 
exposure  and  all  but  a  few  (3%)  positives  £20)  to  dengue  1-4  and  JEV  had 
monospecific  titers  to  JEV.  The  prevalence  rose  with  age  in  both' villages 
and  the  overall  (age -adjusted)  JEV  antibody  prevalence  was  67.9%  for  (A) 
and  43.6%fcr  (B).  The  geometric  mean  titers  (GMT)  similarly  rose  with 
age  in  both  sexes.  Adults  aged  20-39  were  92%  JEV  positive  in  $V)  and 
70%  in  tB).  The  serological  patterns  in  villages  (C)  and  (D)  and  in  the 
urban  school  (E)  is  still  confusing  due  to  the  presence  in  most  positive 
sera  (including  the  1-4  year-old  age  group)  of  elevated  and  broadly 
reactive  antibody  to  both  dengue  (one  or  more  serotypes)  and  JEV.  The 
averall  JEV  antibody  prevalence,  Ignoring  the  dengue  titers,  was  72.6% 
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in  (C)  and  70,3%  in  (D).  By  considering  only  those  JEV  titers  that  were 
equal  to,  or  greater,  than  the  highest  of  the  dengue  titers,  we  can  reduce 
the  overall  JEV  prevalence  (age-adjusted)  to  55,7%  in  (C)  and  .52,0%  in 
(D).  Using  these  corrected  figures,  the  JEV  prevalences  in  (C)  and  (D) 
then  become  quite  comparable  to  the  age  and  sex  distributions  in  villages 
(A)  and  (B),  and  the  95%  confidence  limits  of  the  JEV  antibody  prevalences 
in  the  4  study  villages  overlap.  Thus  the  conected  prevalence  figures 
for  villages  (C)  and  (D)  may  be  closer  to  the  true  background  prevalence 
of  JEV  if  JEV  experience  has  indeed  been  similar  throughout  the  Valley, 

No  strong  correlation  was  found  in  any  village  between  the  proportion  of 
the  family  members  positive  for  JEV  in  each  house  and  the  number  and 
types  of  domestic  animals  present  around  the  house. 

Analysis  of  the  163  (6-8  yr.  old)  school  children's  sera  obtained  in 
March  1970  (preseason)  revealed  84%  positive  for  JEV,  but  92%  were  posi¬ 
tive  for  dengue,  9%  were  positive  for  dengue  alone  and  only  1,2%  were 
positive  for  JEV  alone.  Interpretation  of  these  results  is  difficult.  Using 
the  correction  criteria  of  villages  (C)  and  (D)  the  JEV  antibody  prevalence 
is  reduced  to  53%  which  is  still  much  higher  than  any  of  the  villages  for 
5-9  year  olds.  Also,  unlike  any  village,  the  overall  GMT,  (calling 
negatives  1;5)  was  higher  for  dengue  (mean  of  114)  than  for  JE  (mean  of 
94.5) .  Further  attempts  at  clarification  of  these  serological  results  are 
underway  in  the  laboratory. 

Over  the  9  month  epidemic  season,  inapparent  JEV  Infections  were 
serologically  detected  in  5  to  8  family  members  of  JE  cases,  7  to  22 
villagers  and  6  to  8  schoolchildren  in  Chiang  Mai,  As  stated,  these 
ranges  reflect  the  minimum  (CF  confirmed)  and  maximum  (CF  unconfirmed) 
numbers  of  Inapparent  infections  that  can  be  serologically  diagnosed  at 
present.  The  sex  ratio  was  quite  similar  for  each  group  using  either  the 
minimum  or  maximum  numbers .  In  fact,  the  sex  ratio  for  inapparent 
infections  was  the  same  as  the  ratio  for  the  clinical  cases,  where  over 
60%  were  males.  The  constancy  of  this  ratio  suggests  that  despite  an 
equal  sex  ratio  in  the  overall  JEV  antibody  prevalence  in  each  village  in 
1970  the  males  were  more  at  risk  for  both  apparent  as  well  as  Inapparent 
JEV  infection.  The  age  range  (1-39  yrs)  and  median  age  (10)  of  JEV 
conversions  were  also  similar  in  the  villagers,  in  the  family  members, 
and  in  the  clinical  cases  of  JE,  These  similarities  between  the  3  different 
types  of  human  populations  provides  evidence  for  the  representativeness, 
validity,  and  presumed  accuraoy  of  the  sampling  procedures  and 
serological  results. 

Incidence  rates  per  10,000  population  were  calculated  for  both 
apparent  (JF  cases)  and  inapparent  Infections  in  order  to  estimate 
inapparent  to  apparent  $/X)  JE  ratios.  The  case  incidence  (100  oases) 
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in  Chiang  Mai  Valley  was  1.5/10,000,  using  an  estimated  total  population 
at  risk  of  680,000.  When  the  5  caser  admitted  from  the  subdistricts  of 
the  4  study  villages  (total  population  27,0i)Q)  are  used  for  the  same 
calculation,  a  similar  case  incidence  rate  of  1,8/10,000  is  obtained. 

This  provides  further  evidence  of  the  representativeness  of  the  study 
areas  and  further  justifies  extrapolation  of  study  area  results  to  the 
entire  Valley  area . 

The  incidence  fates  of  inapparent  infections  were  likewise  similar 
between  the  village  and  case  family  data.  They  were  both  in  the  range 
of  200-400  infections/10,000  population.  The  schoolchildren  had  a 
higher  incidence  rate  (377-593/10,000)  but  this  rate  was  similar  to  the 
infection  rate  in  the  villages  and  case  family  members  of  a  comparable 
age.  These  results  suggest  that:  1)  Family  members  of  JE  cases  are  at 
no  greater  risk  of  acquiring  JEV  infection  than  the  general  Valley 
population;  2)  Children  in  the  urban  Chiang  Mai  environment  are  being 
exposed  to  JEV  infection  similarly  to  those  living  in  more  rural  areas;  and 
3)  There  was  widespread  and  uniform  exposure,  presumably  to  infected 
vectors,  throughout  urban  and  rural  areas  of  the  Valley  with  a  random 
rather  than  cluster  distribution  of  factors  leading  to  human  infection. 

The  I/A  ratio  based  on  case  family  data  1l  estimated  as  145-235  to  1, 
The  I/A  ratio  based  on  study  village  data  is  137-295  to  1.  These  values 
are  consistent  with  various  previously  reported  estimates  from  other  JEV 
areas  in  Asia  and  the  S.W.  Pacific.  Since  the  sex  ratios  were  60:40  male 
to  female  for  both  apparent  and  inapparent  infections,  these  I/A  estimates 
are  likewise  the  same  for  both  sexes. 

There  is  some  evidence  that  those  villagers  and  schoolchildren 
acquiring  JEV  infection  might  have  had  a  mild  illness  as  a  consequence. 
Only  16%  of  both  the  villagers  and  the  schoolchildren  had  a  history  of 
FUO  or  URI,  as  documented  by  the  nurses  or.iheir  weekly  visits  over  the 
entire  8  month  period  of  observation.  However,  25%  of  the  villagers  and 
50%  of  the  schoolchildren  developing  JE  infection  had  such  a  medical 
history  during  the  4  month  period  between  bleedings  in  which  the  infection 
occurred.  Since  the  time  of  JEV  infection  cannot  be  more  precisely  dated 
due  to  the  3-4  month  intervals  between  bleedings,  a  direct,  association 
between  these  symptoms  and  JEV  Infection  cannot  be  made. 

An  important  question  is  whether  the  presence  of  pre-existing  group 
B  antibody  protects  against  or  modifies  the  course  of  subsequent  JEV 
infection  and/or  illness.  The  following  points  argue  against  the  presence 
of  serum  group  B  arbovirus  antibody  alone  being  important:  (1)  About  1/3 
of  the  confirmed  cases  had  a  typical  secondary  group  B  antibody  response; 
(2)  Based  on  the  village  antibody  prevalence  data  obtained  before  the 
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.start  of  the  1970  epidemic,  about  50%  of  the  entire  valley  population,  or 
about  340,000  people,  has  JEV  serum  antibody;  yet  an  epidemic  occurred 
with  at  least  100  cases  and  an  estimated  20,000  inapparent  infections. 
Assuming  the  presence  of  pre-existing  JEV,  dengue  or  other  group  B 
antibody  in  about  1/2  of  those  with  inapparent  infection,  about  10,000 
inapparent  JE  Infections  occurred  in  people  with  previous  group  B 
infection.  Obviously  there  must  be  some  host  factor,  other  than  previous 
group  B  experience,  that  accounts  for  the  majority  of  Infections 
(inapparent  and  apparent)  occurring  in  the  young  since  our  data  strongly 
suggests  a  uniform  exposure  of  aH  age  groups  to  infection.  Even  in  the  9 
confirmed  JE  cases  in  adults  aged  20-49,  4  had  a  primary,  4  had  a 
secondary  type,  and  one  had  an  intermediate  serologic  JEV  response. 


2.  Virus  Isolation  and  Identification  JE  Project:  Chiang  Mai 

Project  Coordinator:  Robert  Edelrnan,  MAT,  MC 

Principal  Investigators:  Ananda  Nisaiak,  M.D. 

Debhanom  Muangman,  M.D. 

Robert  Edelman,  MAJ,  MC 

Associate  Investigators:  Suchinda  Udomsakdi,  M.D. 

Rapin  Snitbhan,  M.D. 

Dumrong  Chiewsilp,  CPT#  MC*  RTA 


OBJECTIVE;  To  identify  viruses  isolated  from  mosquito  pools  collected 
during  the  Chiang  Mai  JE  project. 

PROGRESS:  Starting  in  April  1970  and  extending  thru  March  1971,  the 
Dept,  of  Virology  processed  5,  878  mosquito  pools,  284  animal  sera, 
and  4  human  brains  for  virus  isolation.  Herpes  simplex  virus  was 
recovered  from  one  human  brain  obtained  from  a  child  dying  with 
encephalitis  in  Khon  Kaen,  Thailand.  The  3  brains  obtained  from 
encephalitis  patients  in  Chiang  Mai  were  negative  for  virus.  An  agent 
was  isolated  from  one  buffalo  serum,  but  the  agent  was  not  identified  as 
JEV,  and  it  was  not  successfully  relsolated  from  the  original  serum 
specimen.  Pools  of  9  mosquito  species  were  pooled  for  virus  isolation  - 
Cj  tritaeniorhynchus .  C.  qelidus,  C.  fuscocephala,  C.  vishnui,  A. 
linneatopennls .  A,  mediolineatus,  A.  vexans,  A,  alboplctus,  and  A, 
aeqyptf .  A  total  of  42  viral  agents  were  recovered  from  mosquito  pools. 
Thirteen  JEV  strains  were  identified  among  the  42  agents  recovered  from 
mosquitoes;  eight  JEV  strains  were  isolated  from  Culex  tritaeniorhynchus, 

2  strains  were  recovered  from  Culex  fuscocephala.  and  3  strains  were 
isolated  from  Culex  qelidus .  A  variety  of  laboratory  experiments  with 
these  13  JEV  strains  indicated  they  share  closely  similar  biologic  and 
antigenic  characteristics.  Five  viral  isolates,  two  from  C.  qelidus,  2 
from  C.  vishnui.  and  one  from  C,  qalidus  have  been  tentatively 
identified  as  Tembusu  virus.  Twenty-four  agents  have  not  been  • 
identified  as  to  virus  type,  but  none  of  them  are  group  B  arboviruses  as 
determined  by  screening  complement  fixation  (CF)  tests.  A  screening  CF 
test  using  group  A  arbovirus  immune  fluid  against  these  24  unidentified 
virus  have  produced  inconclusive  results.  Eight  of  the  24  agents  are 
resistant  to  ether  and  bile,  while  one  isolate  is  ether  resistant  but  bile 
sensitive.  None  of  the  6  unknown  agents  that  form  plaques  in  MK2  cell 
cultures  are  neutralized  by  antiserum  to  the  known  Thai  arboviruses.  We 
have  isolated  a  multiplicity  of  arboviruses  and  other  viruses  not  previously 


identified  in  Thailand.  With  the  exception  of .A,  alboplctus  and  A..  aeovDti. 
at  least  one  new  agent  has  been  isolated  from  each  of  the  9  mosquito 
species  processed  for  virus. 

Comparisons  were  made  of  the  sensitivity  of  the  ttoo  virus  isolation 
systems,  suckling  mice  and  MK2  cell  culture.  The  two  systems  were 
equally  sensitive  to  JEV,  but  suckling  mice  were  more  efficient  iri  the 
isolation  of  agents  other  than  JEV.  Both  systems  ere  employed  in  tandem 
whenever  possible  to  maximize  the  chance  of  virus  recovery. 
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3.  The  Transmission  of  Japanese  Encephalitis  Virus  by 

Culax  fuscocephala 

Principal  Investigators:  Debhancrn  Muangman,  M.D. 

Robert  Eaelman,  MAJ,  MC 
Douglas  J.  Gould,  Ph.D, 
Michael  J.  Sullivan,  CPT,  MSC 

Associate  Investigators:  Ananda  Nisalak,  M.D. 

Dennis  O.  Johnsen,  MAJ,  VC 


OBJECTIVE:  To  determine  if  Culex-  fuscocephala  can  be  infected  by  and 
can  transmit  Japanese  encephalitis  virus. 

DESCRIPTION:  In  1970  JEV  was  isolated  from  2  pools  of  Culex 
fuscocephaia  mosquitoes  collected  in  Chiang  Mai  province,  when  JE  was 
epidemic  in  humans.  Culex  fuscocephala  mosquitoes  were  as  abundant 
as  Culex  tritaenlorhynchus  in  this  epidemic  area,  and  the  feeding  and 
breeding  habits  of  both  species  were  found  to  be  similar.  The  purpose  of 
this  laboratory  study  was  to  determine  if  Culex  fuscocephala  could  be 
infected  with  JEV  and  if  p,  could  transmit  JEV  to  an 

experimental  animal  host. 

PROGRESS:  Eggs  from  wild  caught  females  were  hatched  in  the  laboratory, 
and  3-8  day  old  females  were  used.  The  results  of  the  study  show  that 
as  few  as  8  plaque-forming  units  (PFU)  of  JEV  in  a  chick  blood  meal  can 
infect  C.  fuscocephala;  over  80%  of  the  mosquitoes  thus  exposed 
become  infected.  The  virus  replicates  to  titers  greater  than  105  PFU  per 
mosquito  within  10  days  after  infection,  and  these  high  virus  titers 
persisted  for  at  least  27  days  after  feeding.  An  experiment  comparing 
JEV  transmission  by  C_,  fuscocephala  and  C.  trlta e nlorh vnehu s  indicated 
that  about  16%  of  infected  mosquitoes  of  both  species  transmitted  JEV  to 
1  day  old  chicks.  Transmission  was  measured  by  viremia  in  the  chicks 
4  days  after  being  exposed  overnight  to  infected  mosquitoes.  We 
conclude  that  Culex  fuscocephala  mosquitoes  can  transmit  JEV,  and  that 
this  mosquito  may  be  an  important  vector  in  northern  Thailand. 
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4.  Plaque  Reduction  Neutralization  Test  for  Japanese  Encephalitis: 
A  Statistical  Evaluation 

Principal  Investigators:  Ananda  Nisalak,  M.D. 

Richard  A,  Grossman,  MAJ,  MG 
Palratana  Gunakasem,  M.D. 
Robert  Edalman,  MAJ,  MC 


OBJECTIVES:  1.  To  evaluate  the  efficiency,  precision,  accuracy  and 
reproducibility  of  a  plaque  reduction  neutralization  test  (PRNT)  for  JEV. 

2  4  To  evaluate  a  microtiter  PRNT  for  JEV. 

PROGRESS:  Four  acute-convalescent  serum  pairs  from  4  encephalitis 
patients  were  selected  to  evaluate  the  efficiency,  precision,  accuracy 
and  reproducibility  of  a  PRNT  to  JEV,  The  method  used  for  JEV  PRNT  tests 
is  identical  to  that  described  in  previous  annual  reports  for  dengue 
viruses.  Three  or  four  replicate  determinations  on  each  serum  pair  were 
run  independently  at  the  same  time  by  the  same  person.  Excellent 
agreement  was  obtained  by  2  different  persons  in  counting  plaques.  A 
valid  PRNT,  with  good  precision  and  reproducibility,  was  uniformly 
obtained  when  the  following  statistical  requirements  were  met:'  a)  control 
plaque  counts  are  between  30-100,  b}  plaque  reduction  responses 
bracket  a  50%  plaque  reduction,  c)  at  least  3  responses  occur  between 
15-85%  plaque  reduction.  In  addition  3  plaque  bottles  per  dilution  were 
found  to  be  adequate .  The  use  of  2-fold  serum  dilutions  produced 
statistically  more  powerful  results  than  did  using  4-fold  dilutions. 
Discrimination  between  2-3  fold  titer  changes  could  be  reproducibly 
determined  whan  all  test  conditions  were  met.  However,  only  half  of 
the  tests  proved  to  be  statistically  valla  because  of  the  difficulty  in 
meeting  the  requirements  summarized  above.  The  large  amount  of  data 
that  had  to  be  discarded  even  when  performed  under  standard  conditions, 
makes  the  PRNT  too  inefficient  for  routine  survey  usage. 

A  micro  PRNT  was  re-established  in  this  laboratory  for  JEV,  dengue 
1-4,  Wesselsbron,  and  Tembusu  viruses.  The  tests  were  evaluated 
using  techniques  and  statistical  analysis  similar  to  those  used  for  the 
evaluation  of  the  PRNT  described  above.  For  comparisons  both  the  PRNT 
and  micro-PRNT  were  run  on  the  same  specimens,  in  parallel.  The 
results  indicated  that  the  micro-PRNT  was  accurate,  reproducible,  and 
precise.  It  requires  only  one-tenth  the  serum  volume  required  by  the 
PRNT,  and  many  more  sera  can  be  tested  during  one  work  week  as 
compared  to  the  PRNT.  Evidence  so  far  suggests  that  the  micro-PRNT 
may  be  a  useful  adjunct  for  large  scale  serological  testing.  Small 
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collected  In  Chlang  Mai  are  now  being  analyzed  by  the 


5.  Comparison  of  the  Antigenic  Variation  Among  Strains  of  Japanese 

Encephalitis  Virus 

Principal  Investigators:  Ananda  Nisalak,  -M.D. 

Robot  Edelman,  MAJ,  MC 

Associate  Investigator:  Thomas  J*  Smith,  COL,  MC 

(deceased) 


OBJECTIVE:  To  detect  possible  antigenic  differences  between  JEV 
strains  isolated  in  S.E.  Asia. 

PROGRESS:  Kinetic  neutralization  assays  were  used  to  search  for  possible 
antigenic  differences  existing  between  JEV  strains  isolated  in  Thailand 
and  Vietnam.  Four  strains  of  JEV  of  the  same  passage  level  were  exposes 
to  antisenan  against  one  of  the  4  strains  for  1.25,  2.5,  5.0  and  10 
minutes.  The  tests  were  ran  with  and  without  added  serum  accessory 
factor.  The  percent  virus  survival  for  each  strain  was  plotted  against 
time,  and  kinetic  neutralization  curves  were  drawn  and  compared.  The 
results  suggested  that  there  are  no  major  antigenic  differences  among  3 
Thai  strains  and  one  Vietnamese  strain  of  JEV  tested  by  a  one-way 
neutralization  kinetic  assay.  These  results  should  be  confirmed  by  a 
two-way  cross  titration  using  homologous  and  heterologous  antisera 
against  each  of  the  4  virus  strains. 


6.  Japanese  Encephalitis  in  U.S.  Military  Personnel  in  Vietnam. 


Principal  Investigators: 


Associate  Investigators: 


Robert  M.  Russell,  CPT,  MC 
Vincent  J.  Ionata,  CPT,  MC 
Robert  Edelman,  MAJ,  MC 

Ananda  Nisalak,  M.D. 
Suchinda  Udumsakdi,  M.D. 
Debhanom  Muangman,  M.D. 
Rapin  Snitbhan,  M.D. 

Anong  Pariyananda,  M.S. 
Thomas  T.  Smith,  COL,  MC 
(deceased) 


OBJECTIVE:  To  determine  the  etioiogy  of  "summer  encephalitis"  among 
U,S«  military  personnel  in  R.VeN, 

DESCRIPTION:  During  1969,  53  cases  of  encephalitis  with  2  deaths  were 
reported  by  U.S.  Army  Headquarters  in  Vietnam.  The  majority  of  cases 
occurred  during  the  summer  monsoon  and  originated  from  the  III  and  IV 
Corps  Area.  Nine  of  11  paired  sera  obtained  from  patients  with  "summer 
encephalitis "  showed  4-fold  or  greater  rises  in  antibody  to  Japanese 
encephalitis  virus  (JEV)  by  HI  testing.  In  addition  JEV  was  isolated  from 
the  brain  of  one  patient  with  fatal  encephalitis.  The  purpose  of  this 
study  was  to  determine  if  the  encephalitis  in  U.S.  troops  in  Vietnam 
during  the  1970  monsoon  season  was  caused  by  JEV. 

PROGRESS:  Between  15  May  and  15  October  1970,  patients  from  the  HI 
and  IV  Corps  area  with  a  presumptive  diagnosis  cf  encephai’tis  were 
studied.  The  clinical  viorkup  of  each  patient  was  performed  by  members 
of  the  20tn  PMU  unit,  US,  Long  Binh,  Vietnam,  and  the  serological  tests 
and  virus  isolation  studies  were  performed  at  SMRL.  A  total  of  33  patients 
with  encephalitis  were  admitted  tc  the  24th,  12th,  and  93rd  Evacuation 
Hospitals  in  Vietnam  during  the  study  period.  Twenty-five  of  these 
patients  had  serological  evidence  of  a  recent  JEV  infection  by  the  HI,  CF, 
and  PR  NT  tests:  20  had  four-fold  or  greater  rises  to  JEV  and  5  had  high, 
fixed  antibody  titers.  Three  patients  had  a  primary  antibody  response  to 
JEV,  while  17  had  increases  in  antibody  to  dengue  serotypes  as  well  as 
JEV.  Ir.  addition  to  these  standard  serological  tests,  the  IgG  &  IgM  serum 
immunoglobulins  were  fractionated  by  sucrose-density  gradient  centrifu¬ 
gation  and  were  tested  for  HI  activity  against  dengue  serotypes  1-4  and 
JEV.  Using  this  serum  fractionation  technique  we  were  able  to  confirm  a 
recant  JEV  infection  in  21  of  22  patients  with  cross-reactive  HI,  CF,  & 


PRN  antibody  to  dengue ,  The  IgM  fraction  in  the  serum  of  these  2 1 
patients  reacted  monospecifically  against  JEV,  while  IgG  reacted  with 
JEV  and  all  4  dengue  virus  antigens.  No  virus  was  recovered  from  the 
cerebrospinal  fluid  of  7  patients  with  undetectable  serum  antibody  to  JEV 
Three  patients  died,  but  their  brains  could  not  be  obtained  for  virus 
studies.  Thirty-eight  pools  of  culicine  mosquitoes  collected  on  Long 
Binh  Post,  Vietnam,  were  negative  for  virus, . 


7.  Evaluation  of  Biken  Japanese  Encephalitis  Vaccine  in  Peace  Corps 

Personnel  in  Thailand. 

Principal  Investigators:  Howard  B,  Emery,  M.D.* 

Ronald  G.  Wilson,  M.D.* 

Robert  Edelman,  MAJ,  MC 
Richard  A.  Grossman,  MAJ,  MC 

Associate  Investigator:  Ananda  Nisalak,  M.D. 


OBJECTIVE:  To  determine  the  antibody  response  in  U.S.  adults 
immunized  with  Biken  JEV  vaccine . 

DESCRIPTION;  The  only  commercially  available  immunization  against 
JEV  is  a  formalin-killed  vaccine  (Biken)  prepared  and  purified  from 
infected  mouse  brain.  The  immune  response  induced  by  this  vaccine  in 
adults  has  not  been  adequately  studied  for  periods  greater  than  4  months 
after  immunization.  During  the  period  November  1970  through  May  1971, 
the  Peace  Corps  is  offering  the  Biken  vaccine  to  all  Peace  Corps 
Volunteers  in  Thailand  for  protection  against  Japanese  encephalitis.  The 
immunization  of  Peace  Corps  Volunteers  permitted  collaborative  study 
involving  SMRL  to  study  the  antigenicity  of  the  Biken  vaccine  in  U.S. 
adults. 

PROGRESS:  The  vaccine  has  been  administered  to  several  hundred  Peace 
Corps  Volunteers  on  a  voluntary  basis.  The  vaccine  has  been  given  as  2 
subcutaneous  1  ml.  injections  1  week  apart,  according  to  the  manufac¬ 
turer's  recommendations.  When  possible,  a  booster  dose  was  given  4 
to  6  weeks  after  the  primary  immunizations.  Three  lots  of  vaccine, 
obtained  from  the  manufacturer  (Research  Foundation  for  Microbiological 
Diseases  of  Osaka  University),  are  being  examined  for  antigenic  potency. 
Each  volunteer  was  to  be  bled  prior  to  immunization  and  at  selected 
times  after  immunization  up  to  24  months.  Sera  will  be  tested  for 
antibody  by  standard  HI  and  PRNT  tests. 

Preliminary  results  of  the  antibody  response  induced  by  2  of  the 
vaccine  lots  in  38  volunteers  were  disappointing.  Four-fold  or  greater 
JEV  HI  antibody  rises  occurred  in  only  5%  of  the  immunized  volunteers 
one  month  after  the  primary  immunizations ,  The  vaccine  did  not  induce 
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an  anamnestic  antibody  response  in  the  small  number  of  volunteers  with 
pre-existing  group  B  arbovirus  HI  antibody  nor  in  volunteers  without  anti¬ 
body  after  primary  immunization  who  received  a  booster  immunization.  The 
2  lots  of  Biken  vaccine  tested  appear  to  lack  adequate  antigenic  potency 
in  adults. 


8.  Group  B  Arbovirus  Serology:  A  Search  for  Humoral  Specificity. 

Principal  Investigators:  Robert  Edelman,  MAJ,  MC 

Ananda  Nisalak,  M.D. 

Associate  Investigators:  Anong  Pariyananda,  M.S. 

Suchinda  Udomsakdi,  M.D. 
Dennis  O.  Johnsen,  MAJ,  VC 


OBJECTIVE:  To  determine  more  specific  serologic  methods  for  the 
detection  of  group  B  arbovirus  infections, 

DESCRIPTION:  Individuals  develop  broad  serological  reactivity  to  most 
group  B  antigens  following  a  second  infection  with  a  group  B  arbovirus; 
this  prevents  reliable  identification  of  the  most  recent  infection  by 
standard  serological  methods.  The  purpose  of  this  study  was  to  develop 
a  serological  method  to  specifically  identify  a  recent  group  B  arbovirus 
infection  in  the  face  of  past  group  B  experience .  The  information  gained 
will  be  used  to  analyze  the  sera  from  the  Chiang  Mai  JEV  study  that  show 
secondary  group  B  arbovirus  antibody  patterns . 

PROGRESS:  We  selected  5  groups  of  subjects  that  have  experienced  2  or 
more  group  B  arbovirus  infection? .  The  sera  from  these  subjects  were 
tested  by  the  HIf  CF  and  PRNT  tests  inlhe  expectation  that  one,  or  a 
combination  of  these  serological  tests, would  specifically  identify  the 
recent  infection.  Included  in  the  5  groups  were  1)  Thai  children  with 
Japanese  encephalitis,  2)  Dengue-sensitized  gibbons  infected  with  JEV, 

3)  U.S.  troops  with  Japanese  encephalitis,  4)  Thai  children  with  dengue 
hemorrhagic  fever,  5)  Healthy  adult  residents  of  Chiang  Mai  Valley, 
Northern  Thailand, 

No  one  standard  serological  test,  employed  alone  or  in  concert  with 
2  other  standard  tests,  was  found  which  reliably  distinguished  recent 
group  B  infections  in  individuals  who  have  had  past  infection.  Moreover 
the  results  suggested  that  the  decay  rate  jn  vivo  of  specific  and  cross¬ 
reactive  antibody  might  be  similar;  thus  one  cannot  reliably  diagnose  past 
infections  In  currently  healthy  individuals  using  the  standard  arbovirus 
serological  methods. 

Several  other  methods  were  employed  in  a  search  for  serological 
specificity.  In  one  study  we  examined  the  effect  of  fresh,  human, 
antibody -free  serum  on  JEV  and  dengue  virus  neutralizing  antibody. 

Fresh  serum  contains  a  poorly  characterized  factor  (serum  accessory 
factor)  which  potentiates  serum  neutralizing  c  ntibody  titers  against 
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arboviruses  of  groups  A  and  B.  We  tested  whether  human  accessory 
factor  can  increase  the  specificity  of  neutralizing  antibody  activity  in 
sera  containing  cross -reactive  antibody.  We  found  that  fresh- human 
serum,  added  to  immune,  heat-inactivated  serum  obtained  from  JEV  or 
dengue-infected  patients  increases  the  neutralizing  antibody  titers  in  all 
sera  tested  2  to  25-fold  against  JEV  and  the  4  dengue  serotypes.  Although 
accessory  factor  increased  the  sensitivity  of  the  PRNT  test,  it  did  not 
yield  increased  specificity  for  the  most  recent  infection  and  provided  no 
solution  to  the  problem  of  antibody  cross -re  activity  in  these  group  B 
infections. 

In  a  second  study  we  tested  for  the  presence  and  immuno specificity 
of  IgM  in  the  serum  of  subjects  with  secondary  group  B  arbovirus 
infections.  Aliquots  of  whole  serum  were  treated  with  2-mercaptoethanol 
(2 -ME)  and  treated  and  untreated  serum  aliquots  were  diluted  simultaneous¬ 
ly  for  HI  tests  run  against  JEV  and  dengue  antigens.  If  the  HI  antibody 
titer  in  the  treated  sera  was  reduced  to,  or  below,  one-fourth  the  untreated 
serum,  the  serum  was  judged  to  contain  2-ME  sensitive  antibody.  We 
tested  sera  obtained  from  4  sentinel  pigs  stationed  in  Chiang  Mai,  from  2 
gibbons  inoculated  with  dengue  and  later  JEV  at  SMRL,  and  from  8  Thai 
children  and  12  American  soldiers  hospitalized  with  Japanese  Encephalitis. 
We  detected  IgM  antibody  in  one  pig  and  in  6  of  7  patients  showing  a 
primary  immune  response  to  JEV;  the  antibody  was  specific  for  JEV  and  not 
dengue.  However  we  were  unable  to  demonstrate  IgM  in  the  sera  of  13 
patients  who  showed  a  secondary  type  antibody  response  to  a  recent  JEV 
infecti:  .:.  Thus  the  treatment  of  serum  with  2-ME  did  not  provide 
increased  specificity  in  these  secondary  infections. 

In  a  third  study,  we  fractionated  IgG  and  IgM  from  whole  serum  by 
sucrose  density  gradient  centrifugation.  This  procedure  permitted  us  to 
test  the  immunospecificity  of  the  two  immunoglobulins  independently  of 
the  other.  Serum-sucrose  fractions  containing  IgM  or  IgG  were  treated 
with  2-ME,  and  the  treated  and  untreated  fractions  were  tested  by  the  HI 
test  against  dengue  1-4  and  JEV  antigens.  The  presence  of  immune- 
specific  IgM  antibody  activity  was  shown  by  its  characteristic  position 
in  the  sucrose  gradient,  by  determination  of  IgM  content  of  each 
fraction,  and  by  its  susceptibility  to  reduction  by  2-ME.  IgM  antibody 
was  found  in  the  convalescent  serum  of  32  of  35  patients  with  acute 
primary  dengue  infections  and  with  primary  and  secondary  JEV  infections. 
The  IgG  antibody  in  all  sera  reacted  to  both  JEV  and  dengue  1-4  antigen  i 
in  high  titer.  IgM  reacted  monospecifically  in  low  titer  to  JEV  in  27  of 
29  patients  with  encephalitis  (3  primary  and  24  secondary  infections), 
and  to  one  dengue  serotype  in  3  patients  with  primary  dengue  fever.  Two 
more  patients  with  primary  dengue  fever  and  viremia  had  cress -reactive 
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IgM  antibody  against  one  other  virus  antigen  in  addition  to  the  causative 
agent.  We  conclude  that  the  presence  of  IgM  antibody  reacting  only  to 
JEV  confirms  a  recent  infection  by  that  agent  in  subjects  experiencing 
their  first  group  B  arbovirus  infection  and  in  individuals  showing  cross- 
reactive  farum  antibody  reactions  to  dengue.  The  specificity  of  IgM 
assay  in  primary  dengue  infections  requires  more  substantiation.  The 
IgM  antibody  assay  does  not  hold  promise  for  the  identification  of 
temporally  remote  arbovirus  infections  due  to  the  short  half  life  of  IgM 
antibody  in  vivo.  In  addition,  repeated  infections  by  dengue  and  probably 
JEV  induces  the  production  of  IgG  antibody  but  not  IgM.  Studies  are  now 
aimed  at  confirming  the  immunospecificity  of  IgM  in  other  group  B 
arbovirus  infections  in  animals  and  man.  In  addition  investigations  are 
underway  to  determine  how  long  IgM  remains  detectable  following  clinical 
and  subclinical  infections. 
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9 .  Evaluation  of  Insect  Tissue  Culture  Lines  as  Primary  Arbovirus 

Isolation  Systems 

Principal  Investigators:  Pairatana  Gunakasem,  M.D. 

Robert  Edeiman,  MAJ,  MC 


OBJECTIVE:  1.  To  compare  the  growth  of  arboviruses  recovered  in 
Thailand  in  Aedes  albopictus  and  the  standard  LLC-MK-2  lines. 

2.  To  compare  the  efficiency  of  isolation  of  arboviruses 
in  Aedes  albopictus  and  LLC-MK-2  cells, 

DESCRIPTION:  LLC-MK-2  cells  are  routinely  used  in  this  laboratory  as 
a  host  in  the  recovery  of  arboviruses  from  natural  sources.  Although 
these  cells  have  been  shown  to  be  efficient  in  the  isolation  of  dengue 
and  chikungunya  viruses,  they  appear  to  be  less  efficient  than  suckling 
mice  for  the  isolation  of  Tembusu  virus  and  other  currently  unidentified 
viruses  which  were  isolated  in  suckling  mice  during  the  Chiang  Mai  JEV 
study.  Recent  publications  on  the  growth  of  arboviruses  in  insect  cell 
cultures  led  us  to  compare  the  growth  of  certain  arboviruses  recovered 
in  Thailand  in  Aedes  albopictus  and  in  LLC-MK-2  cell  cultures  end  to 
compare  the  efficiency  of  isolation  of  arboviruses  from  natural  sources 
in  the  2  cell  lines. 

PROGRESS:  The  Singh  line  of  A.  albopictus  cells  were  cultured  in 
Mitsuhashi  and  Marmorosch  (M-M)  medium.  LLC-MK-2  cells  were  grown 
and  maintained  by  standard  techniques.  In  the  experiments  described, 
equal  volumes  of  similar  dilutions  of  the  virus  strains  were  inoculated 
onto  monolayer  cell  cultures  of  A,  albopictus  and  LLC-MK-2  cells  grown 
in  1  ounce  prescription  bottles.  LLC-MK-2  cells  were  maintained  at 
37°C  and  A.  albopictus  cells  at  32°C  after  inoculation.  At  various 
intervals,  half  the  volume  of  maintenance  medium  was  aspirated  from 
infected  cultures  of  both  cell  types  for  titration  of  PFU  in  LLC-MK-2 
ceils  and  this  volume  was  replaced  with  the  same  volume  of  fresh 
maintenance  medium.  In  the  first  experiment  only  (growth  of  laboratory 
JEV  strain  40783),  both  the  cells  and  maintenance  medium  were  pooled  as 
a  source  of  virus  for  titration. 

The  growth  of  JEV  strain  40783  in  LLC-MK-2  and  A.  albopictus  cells 

A  strain  of  JE  virus  (40783),  recovered  from  the  brain  of  a  fatal  case 
of  human  encephalitis,  was  used  at  the  sixth  mouse  passage  level  to 
infect  Culex  trltaenlorhynchus  mosquitoes  by  feeding  them  on  chicks 
infected  at  one  day  of  age.  Infected  mosquito  pools  were  diluted 
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serially  ten-fold  and  Inoculated  onto  LLC-MK-2  and  A,  alboplctus  cells. 
Doses  of  virus  Inoculated,  determined  by  titration  in  LLC-MK-2  cells, 
varied  from  115,000  to  1.2  PFU.  Peak  virus  titers  were  obtained  at  all 
dilutions  in  both  the  cell  cultures  before  7  days  with  the  exception  of  the 
1.2  PFU  dilution  in  A.  alboplctus  cells  when  peak  titers  were  obtained  at 
day  11.  Virus  titers  obtained  in  A.  alboplctus  cells  between  3-7  days 
after  inoculation  generally  were  1-2  log^g  higher  than  titers  obtained  in 
LLC-MK-2  cells. 

Comparison  of  yields  of  IE  virus  from  known  Infected  wild  mosquito 
pools  In  A.  alboplctus  and  LLC-MK2  cells. 

Three  wild  culicine  mosquito  pools  (BKM1022,  BKM1096,  and  BKM977) 
obtained  from  the  Chiang  Mai  Valley  from  which  JEV  had  been  isolated 
were  used  undiluted  to  infect  LLC-MK-2  and _A,  alboplctus  cells.  Peak 
virus  titers  in  A.  alboplctus  cells  (9.5  and  6.6  log^)  exceeded  those 
obtained  in  LLC-MK-2  cells  by  2.5  log^g  and  1.0  log,Q  with  2  of  the 
strains  and  equalled  (9.3  log^g)  those  obtained  in  LLC-MK-2  cells  with 
the  3rd  strain. 

Comparison  of  yields  of  Wesselsbron  and  an  unidentified  Group  A 
arbovirus  from  known  infected  mosquito  pools  in  A.  alboplctus  and  LLC- 
MK-2  cells. 

A  wild  mosquito  (C ,  vlshnuQ  pool  containing  an  unidentified  group  A 
arbovirus  (BKM705)  and  a  wild  mosquito  fe.  llnaeatopennls)  pool  contain¬ 
ing  Wesselsbron  virus  (BKM  660)  were  used  undilu  ted  to  infect  LLC-MK-2 
and  A.  alboplctus  cell  cultures.  Peak  virus  titers  in  A.  albopictus 
exceeded  those  obtained  in  LLC-MK-2  cells  by  1.3  log^g  for  the  BKM-705 
strain  and  2.5  log^g  for  the  Wesselsbron  strain. 

The  proceeding  experiments  indicated  that  certain  low  passage 
arbovirus  strains  indigenous  to  Thailand  grew  to  higher  titers  in 
A.  alboplctus  ceil  monolayers  than  in  LLC-MK-2  cell  monolayers.  The 
following  experiments  were  undertaken  to  compare  the  sensitivity  of 
isolation  of  Thai  arboviruses  in  the  2  cell  lines.  In  these  experiments, 
specimens  containing  virus  were  serially  diluted  ten-fold  and  each 
dilution  was  inoculated  into  LLC-MK-2  and, A.  alboplctus  cells.  The 
cells  were  washed  at  1  1/2  hours  to  remove  unadsorbed  virus  in  the 
Inoculum  and  fed  with  maintenance  medium.  Aliquots  of  maintenance 
medium  were  aspirated  from  cultures  of  each  dilution  daily  for  9  days 
post  inoculation  and  inoculated  undiluted  into  LLC-MK-2  coils  for  plaque 
.issay.  Dilutions  showing  >100  PFU  in  plaque  assay  were  considered 
uositlvo . 
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In  one  experiment  a  20%  suspension  of  human  brain  specimen  containing 
JEV  virus  40783  was  used.  JEV  virus  was  isolated  from  undiluted  through 
the  10“^  dilution  of  the  bre^..  suspension  in  LLC-MK-2  cells,  while  virus 
was  isolated  from  undiluted  through  the  10“®  dilution  of  the  same 
suspension  in  A.  alboplctus  cells.  In  a  second  experiment,  a  C. 
trltaeniorhvnchus  pool  containing  JEV  .virus  was  used.  The  highest 
dilution  of  this  pool  yielding  >100  PFU  was  the  10_Z  dilution  in  both 
cell  lines. 


A  third  experiment  employed  5  dengue  virus  strains  of  low  (1  or  2) 
LLC-MK-2  passage.  From  3  of  the  strains  (Dengue  types  1,  2,  and  3} 
virus  was  isolated  from  10~4  dilution  in  .A,  alboplctus  cells  and  from  the 
10  3  dilution  in  LLC-MK-2  line.  No  difference  in  sensitivity  between 
the  2  cells  was  however  noted  with  a  dengue  4  strain.  The  5th  strain, 
a  dengue  3  strain,  failed  to  grow  in  A.  alboplctus  cells  but  was  isolated 
from  the  10“^  dilution  in  LLC-MK2  cells. 


These  preliminary  experiments  indicate  that  a.  alboplctus  cells 
support  the  growth  of  certain  low-passaged  arboviruses  from  Thailand. 
Generally,  higher  titers  of  virus  were  achieved  in  A.  alboplctus  cells 
than  in  the  standard  LLC-MK-2  cells.  Data  on  the  relative  efficiency 
of  both  cell  lines  in  arbovirus  isolation  are  limited  by  the  few  specimens 
available  for  testing.  Further  comparisons  of  the  relative  isolation 
efficiency  of  the  2  cell  lines  from  specimens  obtained  in  natural  arbovirus 
infections  of  humans  and  induced  JEV  infections  of  monkeys  are  planned. 
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10.  Investigations  of  Transmission  of  an  Unidentified  Virus  in  Cave  Bat 

Populations  in  Thailand. 


Principal  Investigator:  James  E.  Williams,  CPT,  MSC 


OBJECTIVE:  To  determine  the  transmission  of  an  unidentified  virus, 
S-19-B,  in  cave  bat  populations, 

DESCRIPTION:  During  a  previous  ecological  and  epidemiological  survey 
for  rabies  virus  in  a  cave  bat  population,  a  large  number  of  virus  strains 
which  were  not  rabies  virus  were  isolated  in  suckling  mice  from  bats. 

The  viruses  grew  in  LLC-MK-2  cells  producing  a  cytopathic  effect. 
Antibody  produced  against  one  isolate,  S-19-B,  was  found  to  neutralize 
all  but  one  of  the  isolates  tested.  A  one  year  serological  survey  of 
neutralizing  antibody  in  a  population  of  the  wrinkle -lipped  bat  (Tardarido. 
plicata)  located  at  Ban  Me,  Thailand,  is  being  undertaken  to  determine 
the  seasonal  cycle  in  transmission  of  S-19-B  virus. 

PROGRESS:  Bat  sera  (60-70)  collected  in  February,  April,  July  and 
October,  1970,  have  been  tested  at  1:10  and  1:50  dilutions  in  standard 
plaque-reduction-neutralization  tests  using  LLC-MK-2  cells.  Tests  of 
a  serum  collection  made  on  4  March  1971  have  not  been  completed.  Data 
in  hand  from  the  serological  survey  suggest  that  transmission  of  the  virus 
varies  over  the  year  and  peaks  around  March-April  when  young  bats 
appear,  which  are  easily  preyed  upon  by  hemophagous  arthropods.  Thus, 
baby  bats  are  being  studied  to  determine  if  they  function  as  amplifying 
hosts  of  S-19-B  virus.  A  collection  of  150-200  immature  bats  is  being 
examined  for  virus. 

Isolations  of  S-19-B  virus  have  been  made  from  mixed  pools  of 
blooded  and  non-blooded  bedbugs  collected  in  the  Ban  Me  cave.  The 
Isolations  were  made  in  both  suckling  mice  and  MK-2  tissue  culture 
isolation  systems.  An  attempt  is  being  made  to  determine  if  the  virus  was 
isolated  from  infected  insect  tissues  or  merely  from  bat  blood  ingested  by 
the  bedbugs.  In  addition,  samples  of  bedbugs  collected  from  the  cave  on 
Khao  Lorn  Phat,  Saraburi,  Thailand,  where  S-19-B  virus  was  first  isolated 
two  years  ago,  are  being  examined  for  virus  to  ascertain  if  the  virus 
ecology  there  is  similar  to  that  at  Ban  Me,  Thailand, 
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11.  Hepatitis -associated  antigen  (HAA)  and  Hepatitis  in  Thailand 

Project  Coordinator:  Robert  B.  Cotton,  MAJ,  MC 

Principal  Investigators:  William  A.  Bancroft,  MAJ,  MC 

Robert  B.  Cotton,  MAJ,  MC 
Dumrong  Chiewsilp,  CPT,  MC,  RTA 
Allen  M.  Glasgow,  CPT,  MC 
Richard  A.  Crossman,  MAJ,  MC 
Rapin  Snitbhan,  M.D. 

Sittiboon  Buranavej , Group  CPT,  MC, 

RTA 

Franklin  H.  Top.,  Jr.,  LTC,  MC 


OBJECTIVE:  The  purposes  of  this  laboratory's  initial  6  months  of  research 
in  hepatitis  were  to: 

1)  establish  laboratory  methods  for  the  detection  of  Hepatitis  - 
associated  antigen  (HAA). 

2)  determine  the  prevalence  of  HAA  in  the  serum  of  patients  with 
hepatitis  and  matched  controls. 

3)  determine  the  prevalence  of  HAA  in  Thai  blood  donors . 
DESCRIPTION:  These  studies  are  based  on  the  following  premises: 

1)  HAA  can  be  detected  in  the  serum  of  patients  with  serum  hepatitis . 
The  most  specific  diagnostic  distinction  between  serum  and  infectious 
hepatitis  is  the  presence  or  absence  of  HAA  in  patient  serum.  The 
detection  of  HAA  provides  an  epidemiologic  marker  for  the  study  of  serum 
hepatitis . 

2)  Serum  hepatitis  is  infective  orally,  as  well  as  parenterally .  The 
transmission  of  serum  hepatitis  is  not  limited  to  parenteral  inoculation  of 
the  virus. 

3)  Serum  hepatitis  accounts  for  a  major  proportion  of  sporadically 
occurring  hepatitis  cases  in  adults. 

4)  Chronic  carriers  of  HAA  exist.  In  general,  they  are  asymptomatic 
with  little  or  no  evidence  of  liver  disease.  In  the  United  States,  at  least 
0.1%  of  volunteer  blood  donors  are  carriers  of  HAA.  Estimates  in  South¬ 
east  Asia  indicate  that  the  background  prevalence  of  HAA  may  be  50  times 
higher  than  in  the  United  States, 
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5}  Preliminary  studies  have  indicated  that  predisposition  tc  the  HAA 
carrier  state  may  be  genetically  determined  by  an  autosomal -recessive 
mode  of  inheritance. 

6)  In  the  United  States,  over  50%  of  recipients  of  HAA  positive  blood 
develop  serum  hepatitis. 

PROGRESS:  1)  Laboratory  detection  of  HAA 

A  microtiter  complement  fixation  (CF)  test  using  five  50% 
hemolytic  units  of  complement  and  2-4  units  of  antibody  has  been  estab¬ 
lished.  The  test  system  is  identical  to  that  used  by  Department  of  Virus 
Diseases,  WRAIR.  Tin  antiserum  used  is  from  a  Thai  adult  (Rom)  who 
developed  antibody  following  transfusion  with  HAA  positive  blood.  The 
sensitivity  and  specificity  of  this  human  antiserum  compares  favorably 
with  guinea  pig  reference  antiserum  prepared  by  the  Department  of  Virus 
Diseases,  WRAIR.  An  experiment  has  been  completed  which  demonstrated 
acceptable  reproducibility  h  detecting  HAA  by  the  CF  test  between 
replicates  in  this  laboratory  and  between  this  laboratory  and  Department 
of  Virus  Diseases,  WRAIR.  Over  2,400  sera  were  tested  for  HAA  as  of  31 
March  1971. 


In  order  to  provide  a  complementary  method  of  detecting 
HAA  suitable  for  the  testing  of  larger  numbers  of  serum  of  small  volume, 
an  Lmmunoelectrosmophoresis  (EEOP)  test  for  HAA  was  established.  IEOP 
is  a  technique  which  accelerates  the  formation  of  immunologic  precipitin 
reactions  in  an  agarose  gel  by  forcing  antigen  to  migrate  toward  antibody 
in  an  electric  field.  In  an  electrophoretic  field,  HAA  (with  a  negative 
charge)  moves  toward  the  anode  and  specific  antibody  diffuses  toward 
the  cathode.  Where  they  meet  and  reach  equivalence,  a  visible  light 
scattering  band  is  formed.  The  IEOP  procedure  used  is  similar  to  that 
err.oloyed  m  the  Department  of  Virus  Diseases,  WRAIR.  The  power  supply 
is  a  simple  transformer-rectifier  supply  (Model  19,  Arthur  H.  Thomas  Co., 
Philadelphia)  with  300  volt,  50  ma  output;  the  electrophoresis  cabinet 
{4337-V20,  Thomas  Co.)  has  been  modified  so  that  voltage  can  be 
measured  across  the  wicks.  Ten  ml.  of  a  1% agarose  solution  {Jeakem, 
Marine  colloids,  Springfield,  N.J.)  in  0.0 5M  Barbital  buffer,  pH  8.6  is 
pipetted  onto  a  clean  3  i/4  by  4  inch  glass  slide.  After  solidification  of 
the  agarose.  3  mm  diameter  antigen  '  /ells  and  2  mm  diameter  antiserum 
wells  (5rr"  apart  center  to  center)  are  punched  and  aspirated.  Weils  are 
5oaded  brim  .full  with  serum  to  be  tested  for  antigen  and  with  antiserum. 
Hyperimmune  rabbit  antiserum  R  4244,  prepared  in  Dept,  of  Virus 
Diseases,  WRAIR,  has  been  used  at  a  1:4  dilution.  A  known  HAA  positive 
and  HAA  negative  control  serum  is  tested  on  each  slide.  The  slides  are 
xaid  in  th-.  electrophoresis  chamber  with  antigen  wells  closest  to  the 
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cathode,  and  the  power  is  adjusted  to  give  12  volts  across  the  agar  which 
yields  approximately  10ma  per  slide.  Slides  are  read  after  2  hours  of 
electrophoresis . 


In  order  to  determine  if  HAA  determined  by  CF  or  IEOP  are  identical  to 
standard  HAA,  an  agar  gel  diffusion  (AGD)  test  was  established.  The 
procedure  used  is  identical  to  that  used  in  the  Department  of  Virus 
Diseases,  WRAIR.  Three  ml.  of  hot  1%  Agarose  in  0.01M  tris-EDTA 
buffer,  pH  7.6  are  pipetted  onto  clean  1x3  inch  glass  microscope  slides. 
After  cooling,  7  hole  well  patterns  with  2  mm.  wells  and  5  mm.  center  to 
center  spacing  between  wells  are  punched  and  the  wells  are  aspirated. 

The  center  well  is  filled  with  undiluted  hyperimmune  HAA  antiserum 
Qtabblt  #230,  WRAIR)  and  the  top  and  bottom  wells  in  the  pattern  filled 
with  known  HAA  positive  serum.  The  side  wells  are  filled  with  human 
serum  to  be  tested  for  HAA.  Slides  are  incubated  in  a  closed,  moist 
chamber  at  room  temperature  and  read  at  24,  48,  and  72  hours. 

A  recent  experiment  using  serum  from  hepatitis  cases  and  controls  in 
Thailand  compared  the  sensitivity  of  the  3  techniques  in  detecting  HAA. 
Antiserum  used  in  CF  tests  included  Kom  antiserum  and  Rabbit  #244 
antiserum.  Rabbit  #244  antiserum,  diluted  1:4,  was  used  in  IEOP  tests, 
and  undiluted  rabbit  #230  antiserum  in  AGD  tests.  Of  the  46  sera  from 
hepatitis  cases  tested,  18(39%)  were  positive  by  IEGP  and  15  (33%)  were 
positive  in  CF  tests  using  both  antisera.  All  sera  positive  by  CF  were 
positive  by  IEOP;  the  three  sera  positive  by  IEOP  but  negative  by  CF  gave 
partial  fixation  with  R244  antiserum.  Only  5  sera  were  positive  by  AGD, 
and  these  sera  were  posinve  by  both  IEOP  and  CF.  When  tested  in 
tandem  with  the  standard  WRAIR  HAA  OF)  with  R230  antiserum,  the  3 
hepatitis  sera  which  gave  distinct  precipitin  lines  formed  a  spur  with  JF 
antigen,  suggesting  partial  identity  with  JF  antigen. 

In  the  same  experiment,  72  sera  from  matched  controls  of  hepatitis 
cases  were  run  by  all  3  techniques.  Seven  sera  were  positive  by  IEOP, 

5  of  which  were  positive  by  CF  using  both  antisera.  An  additional  serum 
was  positive  by  CF  using  R#244  antiserum  but  negative  by  CF  .vur1  Korn 
antiserum  and  IEOP.  Five  of  the  7  sera  with  HAA  detected  by  iEG?  were 
positive  by  AGD;  three  showed  spur  formation  in  tandem  with  JF  antigen 
and  2  gave  lines  of  Identity  with  JF  antigen. 

Collaborative  studies  with  the  Department  of  Virus  Diseases,  WRAIR, 
are  planned  to  investigate  the  significance  of  suspected  a  rsenic  HAA 
variants  in  Thailand  and  to  explore  reasons  for  the  differences  in  detection 
of  HAA  by  the  IEOP  and  CF  techniques. 


2)  HAA  in  patients  with  hepatitis 

112  hospitalized  patients  from  Bangkok  Women's  and 
Children's  Hospital  and  the  Royal  Thai  Army  Hospital  with  an  admission 
diagnosis  of  hepatitis  have  been  studied.  Of  the  112  patients,  69  were 
considered  to  have  hepatitis  on  the  basis  of  an  SGOT  or  SGPT  level 
exceeding  100  Sigma  Units.  Of  these  69  hepatitis  patients,  23  (33%)  had 
sera  positive  for  HAA  by  the  CF  test.  Of  21  cases  of  hepatitis  in  the 
20-29  year  age  range,  14  (67%)  were  positive  for  HAA. 

Of  the  43  patients  who  did  not  meet  the  criteria  for  a 
final  diagnosis  of  hepatitis,  only  1  (2%)  was  positive.  Of  85  control 
cases,  only  6  (7%)  were  HAA  positive. 

3i  hospitalized  patients  from  the  U.S.  Army  Hospital, 
Bangkok,  with  an  admission  diagnosis  of  hepatitis  have  been  studied.  Of 
the  31  patients,  30  were  considered  to  have  hepatitis  by  the  criteria 
stated  above.  Of  the  30  patients  with  a  final  diagnosis  of  hepatitis,  12 
(4'1%)  had  sera  positive  for  HAA  by  the  CF  test.  Of  15  control  cases, 
only  1  (7%)  was  positive  for  HAA. 

22  children  with  a  preliminary  diagnosis  of  hepatitis  were 
identified  in  the  out-patient  clinic  of  Childrens  Hospital  over  a  10  week 
period  ending  19  March  1971.  18  of  these  22  had  abnormal  liver  function 
tests  compatible  with  acute  hepatitis.  There  were  18  matched  controls 
for  12  of  these  18  cases  of  hepatitis.  Of  the  18  hepatitis  cases,  2(11%) 
were  positive  for  HAA.  Of  the  18  controls,  none  were  positive  for  HAA. 

3)  HAA  among  Thai  blood  donors 

Of  515  professional  donors  of  the  Royal  Thai  Institute  of 
Pathology  Biood  Bank,  24(4.7%)  were  positive  for  HAA  by  the  CF  test.  Of 
609  volunteer  donors  of  the  Thai  Red  Cross  Blood  Bank,.  42(6%)  were 
positive  for  HAA  by  CF  test.  Ci  the  total  1204  donors  Jrom  both  blood 
banks,  66(5.5%)  were  positive  for  HAA.  Preliminary  results  using  both 
CF  and  IEOP  tests  indicate  that  about  8%  of  blood  donors  may  carry  HAA, 


811 


12 .  Reservoirs  of  Rablesvlrus  In  Thailand 

Principal  Investigators:  Robert  L.  Hickman*  MAJ#  VC 

Kwanyuen  Lawha^wasdi*  DVM 

Associate  Investigators:  James  P(  Slowey,  SFC 

Ronald  £.  Marshall*  SP5  £5 

Part  I.  Survey  of  Sylvatic  Animals  for  Rabiesvirus  Infection 

The  purpose  of  this  study  is  to  determine  the  prevalence  of 
rabiesvirus  Infections  in  rodents  in  Thailand.  A  total  of  303  rats  was 
trapped  in  nine  provinces  of  Thailand  (four  areas).  The  animals  were 
identified  and  all  brains  were  examined  for  the  presence  of  rabiesvirus 
by  the  fluorescent  antibody  (FRA)  technique .  Approximately  five  percent 
of  all  specimens  were  inoculated  into  weanling  mice  to  confirm  the 
negative  FRA  results.  Rabiesvirus  was  not  isolated  from  any  of  the 
animals  examined.  These  negative  results  differ  from  the  results  obtained 
in  1966  but  are  the  same  as  were  obtained  from  surveys  conducted  in 
1967*  1968*  and  1969.  There  is  no  evidence  that  there  has  been  any 
notable  change  in  the  annual  incidence  of  either  human  or  canine  rabies  in 
the  areas  surveyed  during  this  five  year  period.  This  fact*  in  addition  to 
the  consistently  negative  rodent  results  obtained  during  the  four  year 
period  since  rodents  were  implicated  as  a  possible  sylvatic  reservoir  of 
rabiesvirus  infection*  suggests  that  the  hypothesis  is  false.  No  further 
surveys  are  contemplated  at  this  time  although  the  submission  of  rodents 
for  rabies  examination  will  continue  to  be  encouraged. 

Part  n.  Survey  of  Domestic  Animals  for  Rabiesvirus  Infection 

The  purpose  was  to  determine  the  prevalence  of  rabiesvirus  infections 
in  asymptomatic  stray  dogs  captured  by  municipal  and  federal  authorities 
in  Thailand.  Canine  specimens  were  obtained  from  two  sources.  Stray 
dog  control  programs  were  conducted  by  the  Division  of  Communicable 
Disease  Control*  Thai  Ministry  of  Health*  and  cooperating  U.S.  Air 
Force  installations  in  Thailand.  From  10  to  30  of  the  dogs  collected  each 
day  during  the  operation  of  the  program  were  submitted  for  rabiesvirus 
examination.  The  total  number  of  dogs  captured  in  the  communities 
involved  is  not  known.  The  second  source  of  specimens  was  the  Bangkok 
Municipal  Health  Department  which  operates  a  continuous  stray  dog 
pickup  program.  Each  week,  10  percent  of  the  dogs  picked  up  on  a  single 
day  were  randomly  selected  and  submitted  for  examination.  The  total 
figure*  therefore,  approximates  1.6  percent  of  all  the  stray  clogs  destroyed 
during  the  period  of  the  survey  (estimated  20  thousand).  Only  dogs  not 
having  clinical  signs  of  rabies  were  submitted  from  both  groups.  All 
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were  examined  by  the  FKA  technique.  Rabies  virus  was  isolated  from  FRA 
positive  specimens  by  mouse  inoculation  and  confirmed  by  serum 
neutralization  test.  A  total  of  531  dogs  was  examined  during  the  reporting 
period.  The  examination  results  are  presented  in  the-Table  below.  Since 
these  animals  were  asymptomatic  at  the  time  of  euthanasia  and  salivary 
gland  examinations  were  not  done,  it  is  not  possible  to  estimate  how 
many  of  the  FRA  positive  animals  were  capable  of  transmitting  the  disease. 
It  is  assumed  that  all  were  in  some  stage  of  virus  incubation  and  that  all 
would  have  eventually  died  of  rabies.  Certainly  many  would  have  been 
responsible  for  disease  transmission  to  other  animals  and  perhaps  to  man 
at  some  time  before  death.  During  the  same  reporting  period,  456  canine 
specimens  were  examined  for  routine  rabies  diagnosis  and  213  or  46.7 
percent  were  found  to  be  positive.-  The  number  of  isolations  obtained 
from  the  two  dog  populations  emphasizes  the  extent  of  canine  rabies  in 
Thailand  and  the  need  for  more  adequate  control  programs  if  the  problem 
is  ever  to  be  eliminated. 


Table  I. 

Isolation  of  Rabiesvirus  from  Asymptomatic  Stray  Dogs  ii 
Thailand. 

Source 

No.  Specimens 
Examined 

No.  of  Rabiesvirus 
Isolation 

Percent 

Udorn 

105 

4 

3.8 

Korat 

51* 

1 

2.0 

NKP 

47* 

1 

2.1 

Bangkok 

328 

13 

4.0 

Combined  53 1 

19 

3.8% 

*  Mouse  inoculation  results  incomplete. 

Part  III.  Urban  rabies  in  Thailand 

The  purpose  was  to  study  the  canine  population  in  ar.  urban  community 
in  Bangkok,  Thailand,  in  order  to  determine  the  risk  potential  of  the  dogs 
and  human  inhabitants  to  rabiesvirus  infection.  The  Huey  Kwang 
Government  Housing  Area  was  chosen  as  a  study  site.  The  canine 
population  was  determined  and  characterized.  Suspect  rabid  animals 
were  picked  up  or  delivered  to  the  laboratory  for  examination.  The 
human  population  was  obtained  irorn  1970  census  data  and  changes  were 
based  on  population  estimates  furnished  by  local  officials.  The  number 
of  human  dog  bite  victims  was  provided  by  the  local  medical  facility 
and  the  municipal  antirabies  treatment  center.  Specific  information 
regarding  the  circumstances  surrounding  dog  bites  was  obtained  by 
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Interviewing  the  victims.  The  study  was  conducted  over  a  ten  month 
period.  The  canine-human  ratio  was  approximately  1/15  and  remained 
relatively  constant  throughout  the  year.  However,  only  65  percent  of 
the  total  dog  population  was  considered  to  be  at  risk  (unconfined, 
unvaccinated)  so  the  effective  "stray  dog"  -  human  ratio  was  1/23.  Two 
rabid  dogs  were  identified  in  the  fourth  month  of  the  study  period,  one  in 
the  seventh  and  one  in  the  ninth  month.  Three  of  these  rabid  dogs  are 
known  to  have  been  unconfined,  unvaccinated  residents  of  the  study  area 
whereas  the  fourth  is  believed  to  have  been  a  nonresident  stray.  There 
were  several  reports  of  "rabid"  dogs  during  the  eighth  and  ninth  months 
of  the  study  but  these  could  not  be  confirmed.  A  total  of  28  residents  of 
Huey  Kwang  are  known  to  have  received  treatment  for  dog  bites  during  the 
study.  Of  these,  26  were  given  Semple  vaccine  and  two  received  duck 
embryo  vaccine.  No  rabies  or  neurologic  reaction  was  observed  in  any 
of  these  patients.  One  rabies  death  did  occur  however.  A  policeman 
passing  through  the  study  area  during  the  seventh  month  was  bitten  by  a 
dog.  At  that  time,  no  treatment  was  administered  nor  was  the  incident 
reported.  The  dog  was  never  identified  but  probably  was  not  one  of  the 
dogs  diagnosed  in  the  laboratory.  Five  weeks  after  being  bitten,  the 
patient  reported  to  the  hospital  with  symptoms  of  rabies  encephalitis . 

He  died  four  days  later.  The  diagnosis  of  rabies  was  not  confirmed. 

Data  are  being  tabulated  and  evaluated  and  a  manuscript  is  being 
prepared. 
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13.  Serologic  Effect  of  Duck  Embryo  Rabies  Vaccine 


Principal  Investigators: 


Associate  Investigator: 


Robert!.  Hickman,  MAJ;  VC 
Kwanyuen  Lawhaswasdi,  DVM 
Ronald  G,  Wilson,  MD* 
.Howard  B.  Emery,  MD* 

Markpol  Tingpalapong,  DVM 


This  study  is  to  determine  the  human  serological  response  to  duck 
embryo  (DE)  rabies  vaccine  given  prior  to  exposure  and  after  exposure  to 
individuals  who  have  and  have  not  .eceived  pre-exposure  immunizations. 
A  second  purpose  is  to  compare  the  serologic  response  to  DE  rabies 
vaccine  as  detected  by  the  indirect  fluorescent  antibody  (IFRA)  test  and 
the  mouse  neutralization  (MI)  test.  Sera  are  collected  from  Peace  Corps 
volunteers  receiving  pre-exposure  rabies  immunizations  with  DE  vaccine. 
Sera  are  also  collected  from  U.S.  military  personnel  and  Thai  nationals 
during  and  after  administration  of  post-exposure  rabies  immunizations 
with  DE  vaccine.  Traditionally,  approximately  25  percent  of  the  Peace 
Corps  Volunteers  in  country  receive  post-exposure  treatment  during  their 
tour.  Sera  will  be  collected  from  these  individuals  during  and  after 
treatment.  The  rabies  antibody  titers  are  determined  by  the  IFRA  test. 
AUquots  of  sera  are  frozen  for  future  use  in  MI  test.  Sera  were  collected 
from  56  Peace  Corps  volunteers,  22  U.S.  Military  personnel  and  28  Thai 
nationals.  During  the  third  quarter  of  the  reporting  year,  it  was 
discovered  that  the  reproducibility  of  the  IFRA  test  results  was  not 
satisfactory.  Therefore,  all  results  were  discarded  and  efforts  to 
improve  the  test  are  in  progress.  Two  sources  of  error  have  been 
identified.  Slides  with  infected  mouse  brain  impression  smears  cannot 
be  stored  in  the  frozen  state  after  fixation  for  more  than  two  weeks 
without  resulting  in  lower  titers.  Resuspended  anti-human  globulin 
conjugated  with  fluorescein  isothiocyanate  has  a  shelf  life  in  the 
refrigerator  of  less  than  six  days.  The  use  of  new  smears  and  freshly 
resuspended  conjugate  has  eliminated  the  errors  in  reproducibility  of 
titers  determined  on  a  single  day.  However,  timers  of  a  serum  specimen 
determined  on  different  days  still  occasionally  vary  by  as  much  as  two 
dilutions,  thus  invalidating  the  entire  second  test.  Sera  continues  to  be 
collected  and  frozen  but  progress  on  determining  titers  has  been  halted 
until  the  test  has  been  modified  to  produce  more  satisfactory  results. 


♦Peace  Corps  Physicians 
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13.  Ecological  and  Epidemiological  Survey  for  Rabiesvirus  in  a 

Cave  Bat  Population. 


Principal  Investigator:  Dennis  O.  Johnsen,  MAJ,  VC 

Associate  Investigators:  .Robert  L.  Hickman,  MAJ,  VC 

William  A.  Neill,  SP5 
Naowayubo)  Nutkumhang,  B.Sc. 

The  Initial  purpose  of  this  study  was  to  determine  whether  rabiesvirus 
is  present  among  the  population  of  bats  resident  in  a  large  cave  located 
in  the  Saraburi  province  district  of  Kangkoi  so  that  the  epidemiologic  and 
ecologic  aspects  of  this  disease  in  bats  could  be  studied.  Fora  period 
of  approximately  one  year  both  dead  and  live  bats  were  collf  ''ted  from 
the  cave  at  regular  intervals  and  examined  for  the  presence  of  rabiesvirus 
by  both  fluorescent  antibody  examination  of  their  brains  and  intracerebral 
inoculation  of  brain  and  salivary  gland  suspension  into  weanling  mice. 
Rabiesvirus  was  not  isolated  in  any  of  the  more  than  1000  specimens 
examined,  which  consisted  mainly  of  the  wrinkle  lipped  bat,  (Tadarlda 
plica ta).  However,  agents  other  than  rabiesvirus  were  present  which 
resulted  in  the  death  of  approximately  one  third  of  all  the  mice 
inoculated.  Following  serial  passage  in  mice,  approximately  30  viral 
Isolates  were  passaged  by  inoculating  mouse  brain  suspensions  onto 
tissue  culture  monolayers  of  MK-2  cells.  Specific  antisera  was  prepared 
for  each  of  these  Isolates  in  guinea  pigs,  and,  in  several  Instances, 
rabbits,  and  cross  neutralization  tests  were  performed  between  all 
available  antigens  and  antisera  to  determine  if  they  were  similar.  On 
the  basis  of  these  tests,  two  separate  antigens  were  identified.  The 
first  of  these,  virus  S-19B  which  has  been  mentioned  in  previous  reports, 
was  identical  to  the  agent  present  in  all  except  one  of  the  isolates;  the 
other,  174B,  was  identified  only  once.  Studies  to  establish  the  physical 
characteristics  of  the  two  viruses  have  further  confirmed  that  they  are 
two  distinct  agents.  Further  efforts  will  be  made  in  the  laboratory  to 
determine  the  similarity  of  these  two  agents  to  other  known  viruses  in 
the  hope  that  they  can  be  identified. 
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Occurrence  of  Vibrio  parahaemolvtlcus  In  Thailand 

Principal  Investigators:  M.  Talmage  M'cMinn,  CPT,  MSC 

Pongsom  Attha  sam.  punna ,  M ,  D .  * 

Associate  Investigator:  Prakorb  Beonthai,  M.D.** 

Assistant  Investigators:  Mrs,  Yupin  Charoenvii.,  M.S, 
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:  Vibrio  parahaemolvticus  has  been  reported  to  be  the  cause 


of  up  to  70%  of  the  "summer"  diarrhea  in  Japan.  It  has  been  recovered 
from  sea  water,  fish,  and  diarrheal  stools  in  many  other  countries  of 
SE  Asia.  This  laboratory  has  developed  the  capability  to  culture 
appropriate  specimens  on  specific  media  to  determine  if  this  possibly 
pathogenic  organism  could  be  isolater'  from  various  sources  in  Thailand. 


DESCRIPTION:  Specimens  of  sea  water,  sand,  and  sea  fish  were 
obtained  from  beaches  and  markets  in  the  area.  Diarrheal  specimens 
were  submitted  from  Bumras  Infectious  Hospital  and  from  US  Hospitals 
in  Thailand.  Specimens  were  maintained  in  alkaline  peptone  water  with 
3%  NaCl  added  or  were  streaked  directly  into  thiosulfate  citrate-bile 
salts-sucrose  (TCBS)  media.  Colonies  were  picked  at  24  hours  after 
37C  incubation  and  identified  by  biochemical  and  serological  methods. 


PROGRESS:  Sand  specimens  collected  along  several  beaches  in  Thailand 
have  revealed  17  positive  cultures  of  50  specimens  collected.  Ten  sea 
water  specimens  of  25  have  had  V,  parahaemolvticus  recovered  from  them. 
Sea  fish  cultures  have  produced  51  positive  for  V.  parahaemolvticus  out 
of  111  mollusks,  31  positive  from  43  crab  specimens,  59  positive  from 
85  fish,  and  23  positive  of  27  shrimp.  Only  1  squid  of  26  was  found  to 
harbour  this  halophilic  organism.  It  Is  interesting  to  note  that  4  of  5 
catfish  obtained  from  brackish  water  harboured  V.  parahaemolvticus  in 
gills,  intestine,  and  on  the  skin. 

Diarrheal  specimens  from  an  infectious  disease  hospital  were  submitted 
to  this  laboratory  for  confirmation  for  6  weeks  in  November  and  December 
1970.  Of  approximately  300  diarrheal  patients  seen  during  that  time, 
there  were  59  isolates  of.V,  parahaemolvticus  and  only  40  of  Salmonella 
so.  or  Shigella  sp. 


*  Dept  of  Health,  Ministry  of  Public  Health,  Bangkok,  Thailand 
* v  Director,  Bumras  Infectious  Hospital,  bangkok:,  Thailand 
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From  100  diarrheal  specimens  from  children,  only  1  isolate  of  V. 
parahaemolvtlcus  was  recovered.  The  same  recovery  rate  of  1%  was 
obtained  for  100  non~diarrheal  adults.  One  non-diarrheal  specimen 
obtained  from  22  youths  (aged  5-15  years)  revealed  V.  parahaemolvtlcus . 
We  have  identified  this  organism  in  6  US  personnel  suffering  from 
gastroenteritis  seen  at  the  US  Hospital  in  Bangkok. 

Vibrio  parahaemolvtlcus  has  recently  been  reported  to  be  associated 
with  severe  skin  lesions  resulting  in  gangrene  and  intravascular 
coagulation.  This  laboratory  undertook  to  study  these  findings. 
Subcutaneous  injections  of  V.  parah  temolvticus  into  the  legs  of  white 
mice  has  resulted  in  the  production  of  progressive  sloughing  lesions, 
paralyses  of  the  limb,  and  death  with  septicemia.  Additional  studies 
are  underway. 

In  an  effort  to  relate  our  data  to  that  reported  in  the  literature  by 
Japanese  investigators,  growth  in  10%  NaCl  solution  and  haemolysin 
production  on  Wagatsuma  blood  agar  was  studied.  Japanese  data 
indicates  a  lack  of  haemolysin  in  isolates  obtained  from  sea  water  and 
sea  fish.  Our  data  indicates  that  383  of  450  (85%)  isolates  from 
'natural'  sources  demonstrated  haemolysis  on  this  special  media. 
Isolates  from  human  sources  produced  haemolysin  with  119  of  120 
isolates.  Lack  of  growth  in  alkaline  peptone  water  with  10%  NaCl 
has  been  used  as  a  criteria  for  V.  parahaemolyticus  in  the  Japanese 
reports.  Unlike  their  data,  our  isolates  do  grow  in  this  medium. 

No  isolates  of  113  from  human  sources  failed  to  grow  in  this  medium, 
while  only  122  of  494  isolates  from  fish,  sea  water,  etc  failed  to  grow 
in  10%  NaCl. 

SUMMARY :  There  appears  to  be  some  real  differences  in  the  V. 
parahaemolyticus  isolated  from  natural  sea  sources  in  Thailand  and 
in  Japan.  More  than  one  half  of  the  isolates  we  have  recovered  are 
untypable  against  the  sera  obtained  from  Japanese  cultures.  This  may 
be  due  to  nutrients  available  to  the  organism  or  to  water  temperature 
differences.  We  are  studying  some  possible  reasons  for  these 
differences. 

While  we  have  little  epidemiological  evidence  of  pathogenicity,  we 
suspect  that  this  organism  may  be  a  significant  factor  in  uiarrheu  in 
Thailand.  We  are  currently  examining  several  models  ot  pathogenicity. 

This  laboratory  plans  to  continue  and  elaborate  urcn  work  concerned 
with  cutaneous  entry  of  V.  parahaemolyticus  into  sum  'pU'h.'  hosts  and 
the  definition  of  such  infections. 


* 
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The  Etiology  of  Non-leuetic  Soft  Chancre 

Principal  Investigators:  M.  Talmage  M'cMinn,  CPT,  MSC 

Chiraphun  Duangmani,  M,,D. 

Assistant  Investigators:  Yongyuth.Raengpradub,  B.S. 

Wichiyan  Paniom 

OBJECTIVE:  Soft  chancre  is  reported  to  be  the  second  most  common 
venereal  disease  among  United  States  troops  operating  in  SE  Asia. 

The  diagnosis  and  treatment  of  this  lesion  is  accomplished  without 
any  bacteriological  studies  in  almost  all  instances.  Treatment  is  often 
long  and  must  often  be  altered  several  times  to  effect  a  cure. 

DESCRIPTION:  This  laboratory  is  currently  studying  the  microorganisms 
present  in  these  lesions.  Patients  are  referred  to  •  s  laboratory  from 
the  US  Hospital  in  Bangkok  for  dark  field  examination  and  extensive 
culture.  All  lesions  studied  to  tnis  date  are  from  male  patients. 

PROGRESS:  Specimens  of  pus  and  exudate  are  inoculated  onto  Thayer- 
Martin  media,  on  sheep  blood  agar,  and  on  Eugonagar  with  25%  fresh 
rabbit  blood.  In  most  instances  inoculations  are  made  on  fresh  rabbit 
blood  clots  and  on  patients' blood  clots.  Plates  are  incubated  at  37C 
aerobically  and  in  a  brewer  jar.  Many  of  the  lesions  are  quite 
insignificant  and  are  presented  the  first  day  they  were  noticed.  In 
these  early  lesions  only  minute  amounts  of  exudate  car.  be  obtained. 

To  date,  62  lesions  have  been  examined.  None  of  these  have  demon- 
stated  any  spirochetal  forms  although  one  patient  subsequently 
developed  u  positive  VDRL  and  the  characteristic  skin  lesions  of 
secondary  syphilis. 

From  the  62  lesions  studied,  8  have  revealed  "suspected"  Haemophilus 
ducreyi  and  1  a  "suspected"  H.  vaginalis .  The  most  recovered 
organisms  have  been  Staphylococcus  epidermldls  (39)  and  diptheroid- 
like  bacteria  (30).  Alpha  haemolytic  streptococcus  was  identified  in 
1?  lesions  and  S.  aureus  in  14,  The  other  bacteria  identified  were 
common  skin  inhabitants. 

SUMMARY:  This  study  appears  to  indicate  several  iacts.  First,  there 
is  no  adequate  method  of  identifying  H.  ducreyi.  It  is  noted  in  this 
laboratory  as  being  Haemophilus  species  that  does  not  fit  any  of  the 
biochemical  characteristics  of  anv  other  member  of  the  species.  Second, 
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a  diptheroid  organism  is  usually  associated  with  serious  lesions. 
Third,  from  histories  obtained  from  the  patients,  nearly  ail  of  these 
lesions  existed  prior  to  intercourse,  usually  as  a  small  blister, 
pimple,  or  'rubbed  raw'  abrasion. 

This  laboratory  is  attempting  to  d?vise  a  schema  to  firmly  identify 
H.  ducreyi .  At  present  an  organism  is  designated  as  H.  ducreyi 
because  of  its  morphology,  affinity  for  X  or  V  factor,  and  inability 
to  reproduce  in  any  carbohydrate  broth.  We  plan  to  add  specific 
growth  factors  to  diagnostic  media  and  determine  a  biochemical  and 
fermentative  profile  for  H.  ducreyi. 

xi  order  to  evaluate  the  possibility  of  synergism s,  subcutaneous 
inoculations  of  the  various  organisms  usually  recovered  from  lesions 
have  been  studied.  Inoculations  of  H.  ducreyi , .  Jl.  vaginalis  and 
diptheroids  have  produced  chancre-like  lesions  in  rabbits.  Additional 
work  on  the  synergisms  that  may  be  involved  in  this  disease  is  being 
conducted . 

It  is  interesting  that  nearly  all  patients  report  a  pre-existing  lesion 
prior  to  intercourse.  None  deny  sexual  contact.  Some  speak  of 
recurring  lesions  that  resemble  those  reported  as  due  to  Herpes 
progenltalls .  It  Is  quite  possible  that  many  of  the  lesions  are 
secondary  infections  due  to  nonnal  vaginal  flora.  H.  vaginalis 
has  been  recovered  from  5.4%  of  421  endocervix  cultures  and  from 
8.9%  of  279  urethral  culture ^  in  this  laboratory.  We  have  recovered 
this  organism  from  4  of  83  male  patients  with  urethritis. 

Soft  chancre  continues  to  be  a  serious  v  mereal  disease  in  SE  Asia. 
We  have  some  data  that  suggests  a  possible  synergistic  secondary 
infection  of  nonnal  vaginal  flora.  Additional  studies  and  the 
development  of  an  identification  scheme  for  H.  ducreyi  and  H. 
vaginalis  are  necessary  if  directed  antibiotic  therapy  is  desired  for 
the  treatment  of  non-leuetic  soft  chancre. 
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Isolation  of  Neisseria  gonorrhoea e  from  Females 


Principal  Investigator:  M.  Talmage  M'cMinn,  OPT,  MGC 

Associate  Investigator:  Prakit  Kanchanavatee,  M.D.* 

Assistant  Investigators:  Mr.  Wiohiyan  Paniom 

Mr.  Yongyuth  Raengpradub,  B.S. 

OBJECTIVE :  The  diagnosis  of  gonorrhoeae  in  females  has  always  posed 
a  problem  for  the  clinician.  Female  patients  infected  with  gonorrhoeae 
are  often  asymptomatic.  There  is  seldom  a  readily  observable  discharge 
as  is  usually  presented  with  male  patients.  The  Gram  stain  that  is 
usually  satisfactory  in  males  is  the  method  most  often  used  with  females 
as  it  is  cheap  and  requires  little  equipment.  Many  clinics  have  been 
disappointed  with  culture  techniques  as  the  results  are  often  ambiguous. 
This  laboratory  undertook  to  study  the  use  of  selective  media  and  various 
specimens  in  the  diagnosis  of  gonorrhoeae  in  females. 

DESCRIPTION:  We  were  fortunate  in  that  selected  patients  seen  in  a 
venereal  disease  control  clinic  were  made  available  for  study  to  this 
laboratory  by  the  Ministry  of  Health,  Thailand.  At  this  clinic  females 
are  given  pelvic  examinations.  Those  with  any  suggestive  evidence  of 
venereal  diseases  were  examined  further.  For  our  studies,  swabs  were 
obtained  from  the  cervix,  nrethra,  and/or  rectum .  Smears  were  made 
from  cervical  exudates  for  Gram  stains  which  were  made  and  interpreted 
by  technicians  at  the  Venereal  Disease  Control  Clinic. 

PROGRESS:  Of  424  individual  specimens  examined,  65  (15.33%)  were 
positive  for  intra  and  extra-cellular  Gram  negative  diplococci  when 
examined  by  Gram  stain  technique.  Culture  in  this  laboratory  on  Thayer- 
Martin  chocolate  media  with  V.C.N.  inhibitor  and  Isovitalex  revealed 
158  (37.2%)  specimens  positive  for  Neisseria  gonorrhoeae.  There  were 
9  (4.12%)  specimens  positive  on  Gram  stain  that  were  negative  at  culture. 

An  evaluation  of  various  media  was  made  during  this  study.  Thayer- 
Martin  chocolate  media  with  Isovitalex  and  V.C.N.  proved  to  give  better 
recovery  of  N.  gonorrhoeae  than  other  media  used.  These  included  GC 
base  with  haemoglobin  powder,  supplement  B,  and  5'.6  dextrose;  Mueller- 
Hinton  with  Isovitalex  and  V.C.N,  and  GC  base  media  with  Isovitalex. 
The  latter  two  media  wore  manufactured  without  haemoglobin  in  order  to 
facilitate  the  identification  of  *T'  strains  of  N.  gonorrhoeae.  We  found 
this  not  to  be  a  difficult  problem  and  felt  that  tho  incorporation  of 

*  Venereal  Disease  Control  Clinic,  Ministry  of  Health,  Thailand 
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haemoglobin  was  important  in  obtaining  maximum  growth. 

In  an, attempt  to  determine  the  best  specimen  for  maximum  recovery  of 
N.  qonorrhoeae .  specimens  were  obtained  from  the  cervix,  urethra, 
and  rectum.  Greatest  recovery  from  individual  specimens  occurred 
from  the  cervix  with  10.2%  of  422  specimens  revealing  N.  qonorrhoeae 
from  this  site  alone.  Rectal  specimens  were  positive  with  1.54%  of 
133  specimens,  followed  by  0.69%  of  289  specimens  from  the  urethra. 
Combinations  of  two  sites  revealed  39.44%  of  289  specimens  with 
N.  qonorrhoeae  from  both  the  cervix  and  urethra  and  33.83%  of  133 
specimens  from  both  the  cervix  and  rectum.  • 

An  interesting  observation  regarding  serum  antibiotics  was  made  .In 
connection  with  this  study.  Serum  was  obtained  from  79  patients  and 
was  examined  for  anti-bacterial  activity  against  Bacillus  cereus 
v.  mvcoides  (ATCC  11778)  and  Staphylococcus  aureus  (AICC  6538P) 

Of  56  patients  with  negative  cultures  for  N,  qonorrhoeae.  one  half  (28) 
had  a  significant  serum  antimicrobial  titer.  Seventeen  patients  (30.3%) 
with  proven  gonococcal  infections  had  serum  antimicrobial  activity 
while  6  patients  infected  had  no  indication  of  serum  antibiotics. 

SUMMARY:  Our  data  indicates  that  the  Gram  stain  of  cervical  exudates 
is  a  poor  technique  for  the  diagnosis  of  gonorrhoeae.  Only  41, 1  %  of 
the  positive  diagnosis  resulted  from  such  smears.  If  it  is  possible  to 
culture  two  sites,  our  data  indicates  that  the  cervix  and  urethra  are  the 
areas  most  probable  to  harbor  N.  qonorrhoeae. 

We  believe  that  additional  studies  should  be  undertaken  to  examine  the 
effects  of  threshold  levels  of  serum  antibiotics  on  N,  qonorrhoeae. 

Long  term  use  of  infeffective  antimicrobials  of  insufficient  serum  levels 
of  antibiotics  may  prevent  recovery  or  the  organism  on  artificial  media , 
Such  a  study  is  presently  being  designed  by  this  laboratory. 
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Susceptibility  of  the  Gibbon  to  Infection  with  Neisseria  gonorrhoeae 

Principal  Investigator:  M.  Talmage  M'cMinn,  CPT,  MSC  • 

Associate  Investigators:  Alexander  De  Paoli,  MAJ,  VC 

Dennis  O.,  Johnsen,  MAJ,  VC 
Prayoth  Tanticharoenyos ,  DVM 

Assistant  Investigator:  Yongyuth  Raengpradub,  B.S. 

OBJECTIVE:  A  laboratory  animal  model  for  the  study  of  gonorrhoeae 
infections  as  they  occur  in  man  is  not  presently  available.  The 
development  of  such  a  model  would  extend  the  opportunities  to  study 
aspects  of  this  disease  such  as  the  development  and  character  of 
antibiotic  resistance  and  factors  which  affect  host  immunity.  These 
aspects  are  beyond  what  is  presently  possible  with  human  volunteers. 
Because  the  gibbon,  Hylobates  iar.  has  been  shown  to  be  susceptible 
to  other  human  infections  and  numbers  of  these  animals  are  readily 
available  in  the  laboratory,  it  seemed  a  logical  animal  to  study  for 
this  purpose. 

DESCRIPTION:  Following  a  small  pilot  study  to  establish  the  normal 
bacterial  flora  in  the  gibbon  nasopharynx,  rectum,  conjectiv'a,  the 
urethra  or  vagina,  and  the  gingiva,  28  gibbons  consisting  of  an  equal 
number  of  males  and  females  were  inoculated  topically  and  intramucosally 
by  multiple  routes  with  a  heavy  suspension  of  the  virulent  (Tl)  strain 
of  Neisseria  gonorrhoeae  isolated  earlier  from  infected  humans.  The 
conjunctival,  rectal,  cervical,  and  in  the  male  the  urethral  sites  of 
inoculation  were  examined  daily  for  approximately  two  weeks  for  any 
evidence  of  clinical  lesions.  Bacterial  cultures  were  also  made  each 
day  from  these  same  sites  and  processed  in  the  laboratory  under 
conditions  favoring  to  maximize  the  isolation  of  N.  gonorrhoeae. 

PROGRESS:  No  clinical  evidence  of  infection  or  N.  gonorrhoeae  isolates 
were  obtained  during  this  time. 

SUMMARY:  It  seems  apparent  from  these  findings  that  the  gibbon  is 
not  susceptible  to  infection  with  N.  gonorrhoeae  under  these  conditions. 
The  nonual  body  temperature  of  the  gibbon  is  slightly  higher  than  that 
of  man  and  this  factor  may  be  significant  in  preventing  the  establishment 
of  in  actions  with  N.  gonorrhoeae .  an  organism  that  is  known  to  be 
-.•vdr.eroble  to  such  increased  temperatures  when  artificially  cultivated. 
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Acute  Pneumonitis  in  Thai  Children 


Principal  Investigators:  Chiraphun  Duangmani,  M.D. 

Suthee  Vallikul,  M.D.* 

Associate  Investigator:  Pramuan  Sunakom ,  M.D.* 

Assistant  Investigator:  Tatsanee  Occeno,  B.S, 

OBJECTIVE  :  Bacterial  pathogens  such  as  Diplococcus  pneumoniae  and 
Staphylococcus  aureus  have  been  cultured  from  throat  and  nasopharyngeal 
specimens  from  children  in  the  absence  of  clinical  pneumonia.  This 
laboratory  in  cooperation  with  the  Children's  Hospital  in  Bangkok, 
Thailand  has  undertaken  to  interpret  such  findings  by  isolating, 
identifying  and  comparing  cultures  obtained  from  lung  aspirates  and 
throat  and/or  nasopharyngeal  swabs. 

DESCRIPTION  :  During  the  period  reported  a  total  of  53  children  with 
positive  X-ray  diagnosis  of  acute  pneumonitis  have  been  studied. 

These  children  range  in  age  from  less  than  1  month  old  to  five  years 
with  29  being  between  6  months  old  to  2  years.  Most  of  the  patients, 

26  (49%),  were  studied  within  three  days  after  onset  of  illness  although 
19  (35.8%)  were  seen  b"1  veen  3  and  7  days  after  onset.  Twenty-one 
(39.6%)  of  the  children  were  treated  before  being  seen  by  hospital 
physicians . 

PROGRESS  :  Blood  cultures  were  positive  in  7  of  the  children  and  culture 
of  lung  aspirates  were  positive  for  bacteria  in  15  (28,3%)  patients. 
Organisms  identified  from  lung  aspirate  cultures  were  D.  pneumoniae  (7), 
S.  aureus  (3),  alpha  streptococcus  (2),  Micrococcus  sp.  (2),  and 
Escherichia  coli  (1) .  There  were  9  instances  in  which  D.  pneumoniae 
was  recovered  from  throat  and/or  nasopharyngeal  specimens  end  was 
absent  in  cultures  of  lung  aspirates.  Twenty-two  patients  had  S.  aureus 
on  throat  and/or  nasopharyngeal  cultures  and  did  not  have  this  organism 
identified  from  lung  aspirate  cultures.  Three  patients  had  p.  pneumoniae 
only  in  the  lung  aspirate  culture  while  2  revealed  £!.  aureus  only  in  the 
lung  aspirates  culture. 

SUMMARY :  The  finding  of  D.  pneumoniae  and  S.  aureus  in  throat  and/or 
nose  swabs  while  negative  cultures  are  obtained  from  lung  aspirates  may 
be  related  to  the  onset  of  the  illness  and  treatment  nefore  admission. 
Considering  these  facts,  there  appears  to  be  little  or  no  relationship 
between  the  finding  of  causative  agents  from  lung  aspirates  and  throat 
or  nasopharynx. 


* 


Children's  Hospital,  3  an  jkok  ,  ^  inland 


Mycotic  Diseases 


Principal  Investigator:  Mrs.  Yupin  Charoenvit,  M,S. 

OBJECTIVE:  This  laboratory  continues  to  conduct  rQutine  examination 
of  fungal  specimens.  This  permits  us  to  maintain  a  highly  trained 
technologist  and  to  manufacture  adequate  media  for  any  unusual 
outbreak  of  fungal  diseases. 

DESCRIPTION:  Specimens  are  submitted  from  local  Thai  Hospitals  and 
from  the  US  Hospital  in  Bangkok.  They  are  inoculated  onto  appropriate 
media. 

PROGRESS:  During  the  past  year  we  have  examined  specimens  from  65 
patients.  From  these  patients  we  have  identified  22  opportunistic  fungi 
and  dermatophytes.  No  systemic  fungal  agents  were  isolated. 

SUMMARY:  Skin  diseases  due  to  fungi  are  a  major  source  of  lost  man 
hours  in  any  military  operation  in  tropical  regions.  It  is  necessary  that 
this  laboratory  maintain  a  capability  to  culture  and  identify  these  agents 
and  to  train  other  technicians  to  work  in  mycology  laboratories. 
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Diarrheal  Diseases 


Principal  Investigators:  Chiraphun  Duangmani,  M.D. 

Udom  Lexomboon,  M.D.,  Ph.D. 

Assistant  Investigators:  Mrs.  Tat^anee  Occerio,  B.S. 

Mrs.  Chantana  Ratanavaraha,  B.S. 

Mrs.  Prani  Ratarasarn 

OBfECTIVE:  This  laboratory  continues  to  maintain  a  survey  of  diarrhea 
in  Thailand.  This  capability  is  maintained  to. insure  a  rapid  response 
to  any  outbreak  of  gastroenteritis  throughout  the  region  served  by  this 
facility.  During  the  past  year  we  have  studied  several  epidemics  of 
diarrhea  and  have  maintained  an  active  consultation  service  to  all 
hospitals  and  laboratories  in  Thailand. 

DESCRIPTION :  Specimens  are  submitted  to  this  laboratory  from  local 
Thai  Hospitals  and  from  US  Hospital  in  Bangkok,  They  usually  arrive 
at  this  laboratory  in  Cary-Blair  transport  media  or  in  alkaline  peptone 
water.  Swabs  are  inoculated  onto  SS,  McConkey,  and  Desoxycholate 
agar.  The  methodology  of  Edwards  and  Fwing  is  used  to  identify  enteric 
pathogens.  Serological  identification  is  carried  out  on  all  Escherichia 
coli  isolated. 

PROGRESS  :  During  the  past  year  4,268  specimens  from  2,438  patients 
were  examined  for  enteric  pathogens.  249  isolates  of  Salmonella  sp. 
were  recovered  and  61  isolates  of  Shigella  s£.  were  made.  Of  2,102 

Escherichia  coli  serotypes,  845  were  identified  as  entero pathogens.  jl 

Serotypes  01 19:B14  and  0 12 6 :B  16  were  recovered  much  more  frequently  5 

than  other  types . 

SUMMARY:  Our  data  continues  to  indicate  that  salmonellosis  is  more 
predominant  among  Thais  than  is  shigellosis.  The  greatest  number  of 
gastroenteritis  in  American  patients  continues  to  be  associated  with 
Shigella  sp.  More  isolates  of  enteric  pathogens  are  recovered  in  the 
first  three  months  of  the  year  than  at  other  times. 
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Insecticide  Susceptibility  in  the  Oriental  House  Fly 
(Musca  domestica  vicina)  in  Thailand 


Principal  Investigators  Michael  F.  Sullivan,  OPT,  MSC 

Somkiet  Vongtangswad,  MPH 


Associate  Investigator  :  Pacharee  Nawaral,  B,S„ 


OBJECTIVE  :  The  oriental  house  fly  (Musca  domestica  vicina) 
is  common  throughout  Thailand,,  Efforts  to  control  this  and 
other  insect  peso  in  Thailand  through  the  use  of  insecticides 
have  led  to  the  development  of  tolerance  to  these  chemicals 
in  several  species.  The  object  of  this  study  is  to  determine 
the  susceptibility  level  of  the  oriental  house  fly  to  various 
insecticides  that  are  at  present  or  may  be  in  the  future  used 
in  Thailand  for  j.cs  control. 

DESCRIPTION  :  Adult  oriental  house  fly  specimens  were 
collected  m  the  field,  taken  to  SMRL  and  colonised.  Reared 
adult  females  were  tested  for  insecticide  tolerance  three  to 
seven  days  after  emergence  in  the  F.  generation  by  standard 
method?  - 

PROGRESS  :  The  level  of  insecticide  resistance  in  the 
oriental  house  flies  from  Udcnthani  and  Chiengrai  provinces 
was  determined  for  DDT,  malathion  and  lindane.  House  flies 
from  Udonthani  were  susceptible  to  DDT,  partially  resistant 
to  malathion  and  resistant  to  lindane;  flies  from  Chiengrai 
were  susceptible  to  DDT  and  malathion,  and  partially 
resistant  to  lindane. 

SUMMARY  :  Oriental  house  flies  (Musca  domestica  vicina) 
from  Udonthani  and  Chiengrai  provinces  in  Thailand  were  still 
susceptible  to  DDT.  However,  flies  from  the  first  province  were 
partially  resistant  to  malathion  and  resist?  ut  to  lindane,  while 
flies  from  Chiengiai  were  susceptible  to  malathion  but  partially 
resistant  to  lindane. 


Distribution  and  Ecology  of  Ectoparasites  of 
Vertebrates  in  Southeast  Asia* 


Principal  Investigators  :  Carleton  M.  Cliffords,  Ph.D.  * 

Harry  Hoogstraal,  Ph.D.  ** 

H.  Elliott  McClure,  Ph.D, 

Joe  T0  Marshall,  Ph.D, 

Harold  E.  Stark,  Ph.D, 

Panita  Lakshana,  B#Sc, 

Associate  Investigators  :  M.  Nadchatrara  *** 

Edward  W,  Davis  SFC 
Inkam  Inlao 
Nongnuj  Maneechai 


OBJECTIVE  :  To  assemble  information  on  the  geographic 
and  seasonal  distribution  and  the  host-parasite  relationships 
of  the  ectoparasites  of  vertebrates  in  Southeast  Asia* 

DESCRIPTION  :  Ectoparasites  are  removed  from  mammals, 
birds  and  other  vertebrates  collected  in  selected  study  sites 
and  in  connection  with  various  disease  studies  in  Thailand 
and  elsewhere  in  Southeast  Asia,  The  ectoparasites  are 
preserved,  sorted  into  major  groups  and  identified  at  SMRL 
or  submitted  to  specialists  abroad  for  identification.  Aliquots 
of  collections  used  for  inoculations  of  test  animals  are 
given  priority  in  these  identifications.  Studies  on  the 
taxonomy  and  ecology  of  the  various  vertebrate  hosts  are 
also  conducted. 

PROGRESS  :  During  the  period  of  this  report  the  tabulation 
and  correlation  of  data  on  habitats,  hosts,  climatic  conditions 
and  other  ecologic  factors,  relating  to  ectoparasites  collected 
previously,  were  continued.  A  monograph  on  chiggers  of  the 
genus  Leptotrombidiuro  Nagayo  et  al, ,  191§  in  Thailand  is  under 

♦Rocky  Mountain  Laboratory,  Hamilton,  Montana 

**  NAMRU  III,  Cairo 

***  Institute  for  Medical  Research,  Kuala  Lumpur 
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preparation.  Three  additional  new  species  of  chiggers  were 
recorded  for  Thailand  during  this  period  :  Neoschoengastia 
heynemanai  Nadchatram  &  Upham,  1966  from  Halcyon 
smyrnensis  in  Pathum  Thani  prov.;  Walchiella  lacunosa 
(Gaiter,  1932)  from  Rattus  rattus  in  Pattani  prov.  and 
Gahrliepia  (Walchia)  erana  Traub  &  Evans,  1957  from 
Rattus  rattus  in  Nakhon  Ratchasima  prov, 

SUMMARY  ;  Data  on  distribution,  hosts  and  ecologic  factors 
relating  to  ectoparasites  of  Thailand  were  tabulated  and 
correlated  in  preparation  for  publication.  A  monograph  on  the 
chiggers  of  the  genus  Leptotrombidium  in  Thailand  was  submitted 
for  publication.  Three  additional  species  of  trorobiculid  mites 
were  added  to  the  ectoparasite  fauna  known  for  Thailand. 
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Project  3A062110A811  MILITARY  MEDICAL  RESEARCH  PROGRAM  S.E. ASIA 
Task  00,  Tropical  and  Subtropical  Military  Medical  Research  ' 

Work  Unit  046,  Parasitic  infections  of  man  and  animals 
Investigators . 

Principal:  Norman  E.  Wilks,  ITC,  MSC 

Associate:  Udomporn  Chularerk,  M.D.;  Nipon  Chuanak,  Svasti 
Daengsvang,  Med.D.;  Alexander  De  Paoli,  MAJ,  VC; 
Carter  L.  Diggs,  LTC,  MC;  Robert  Gentzel,  SSG; 
Douglas  J.  Gould-,  Ph.D.;  Bruce  A.  Harrison,  CPT, 
MSC;  Robert  L.  Hic'  man,  MAJ,  VC;  Richard  N.  Hunt, 
SP5;  Peter  K.  Iber,  MAJ,  MSC;  Dennis  O.  Johnsen, 
MAJ,  VC;  Pravet  Lertprasert;  Rapee  Machimasatha, 
B.Sc.;  George  S.  Manning,  CPT,  MSC;  Ronald  E. 
Marshall,  SPS;  Katchrinnee  Pavanand,  M.D.; 
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Strongyloidiasis  in  the  Gibbon 

Principal  Investigators:  Alexander  De  Paoli,  MAJ,  V  C 

Dennis  0.  Johnsen,  MAJ,  V  C 

OBJECTIVE :  The  study  was  initiated  to  determine  the  incidence  of 
Strongyloidiasis  in  the  gibbon  and  to  characterize  the  disease  clini¬ 
cally  and  pathologically. 

DESCRIPTION:  A  review  of  necropsy  reports  yielded  61  gibbons  which 
died  of  natural  causes  between  1967  and  1970.  Strongyloidiasis  was 
the  reported  cause  of  death  in  11  of  these  animals.  Hie  similarity 
of  clinical  history  and  lesions  among  these  cases  suggested  that 
Strongyloides  stercoralis  in  the  gibbon  caused  a  uniform  syndrome  with 
pathognomanic  lesions. 

PROGRESS: 

A.  Clinical  histoiy:  With  few  exceptions,  death  was  sudden  with  few 
prodromal  signs  of  clinical  disease. 

B.  Gross  pathology:  The  most  consistent  finding  was  colitis  varying 
from  catarrhal  to  hemorrhagic.  The  lungs  were  generally  described 

as  red,  congested,  or  hemorrhagic. 

C.  Histopathology :  The  principal  lesions  were  present  in  the  gastro¬ 
intestinal  tract  with  the  most  severe  changes  centered  arourd  the 
colon  and  distal  portion  of  the  small  intestine.  Here,  numerous  larvae 
penetrated  the  intestinal  mucosa,  some  extending  to  the  muscular  wall 
disrupting  intestinal  glands  and  eliciting  an  inflammatory  response 
which  ranged  from  acute  to  granulomatous.  Adult  nematodes  were  generally 
present  in  the  upper  portion  of  the  small  intestine  and  pyloric  portion 
of  the  stomach.  Larvae  were  also  present  in  other  organs,  the  lungs 
being  the  most  common  site.  Congestion  and  marked  hemorrhage  were  the 
principal  pulmonary  changes,  followed  by  foci  of  interstitial  inflamma¬ 
tion  associated  with  migrating  larvae.  These  pathological  changes  are 
very  similar,  if  not  identical,  to  those  reported  for  the  same  disease 

in  man.  As  in  man,  superinfection  is  the  key  factor  in  the  gibbon  dis¬ 
ease.  Although  the  nematod*  plays  the  major  role  in  the  disease,  morpho¬ 
logical  and  clinical  evidence  suggest  that  bacteremia  and/or  endotoxemia 
are  the  immediate  cause  of  death  in  most  animals. 

SUMMARV :  Strongyloidiasis,  a  common  rauso  of  death  in  the  gibbon, is 
characterized  by  sudden  death,  entero-coJ iti s .  and  pulmonary  hemorrhage. 
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Pathology  of  Dirofilariasis  in  The  Gibbon 


Principal  Investigators:  Alexander  De  Paoli,  MAJ,  V  C 

Dennis  0.  Johnsen,  MAJ,  V  C 
Douglas  J.  Gould,  Ph.  D. 

OBJECTIVE:  The  study  was  undertaken  to  characterize  the  pathology  of 
Dirofilaria  immitis  infection  in  the  gibbon  and  to  compare  the  lesions 
in  the  gibbon  with  those  produced  by  the  parasite  in  the  dog  ar.a  man. 

DESCRIPTION:  Four  gibbons  were  infected  with  larvae  of  Dirofilaria 
immitis  an?  sacrificed  at  intervals  of  6,  9  and  (two  animalsT  14 
months  post  infection.  (Detailed  information  on  experimental  design 
and  clinical  data  are  given  elsewhere  in  the  report.) 

PROGRESS : 

A.  Gross  Pathology:  Adult  viable  Dirofilaria  immitis  were  present  in 
the  right  ventricle  and/or  pulmonary  arteries  of  all  animals  at  time 
of  necropsy.  In  three  animals  (9  and  14  month  infections)  remnants  of 
decomposed  nematode  were  lodged  in  branches  of  the  pulmonary  arteries. 
Segmental  rugous  endarteritis  of  the  pulmonary  arteries  and  their  main 
branches  was  the  principal  gross  change.  The  lumen  of  larger  vessels 
was  distended  and  the  wall  of  muscular  arteries  was  markedly  thickened. 
Acute  pulmonary  infarction  was  present  in  one  animal  while  focal 
pulmonary  scars  were  noted  in  another  gibbon. 

B.  Histopathology:  Vascular  changes  were  confined  to  the  pulmonary 
arteries  and  their  branches.  These  ranged  from  intimal  thickening 

and  fibrosis  to  marked  villar  proliferative  endarteritis.  Less  frequent 
was  a  granulomatous  necrotizing  vasculitis  which  was  always  focal  and 
associated  with  dead  fragments  of  parasites.  Focal  interstitial 
pneumonitis  and  focal  atalectasis  were  noted  in  areas  adjoining  affected 
vessels.  Focal  granulomatous  hepatitis  of  varying  intensity  was  present 
in  all  animals.  Morphologically,  the  hepatic  lesion  is  compatible  with 
a  parasitic  etiology,  however,  multiple  sections  have  failed  to  show  the 
suspected  cause. 

SUMMARY:  From  these  studies  it  would  appear  that  the  response  of  the 
gibbon  to  Dirofilaria  immitis  infection  is  similar  to  that  of  the  dog, 
and  consists  principally  of:  arteritis  of  pulmonary'  arteries. 


Evaluation  of  Candidate  Antimalarial  Drugs  in  Monkeys 

Principal  Investigator:  Dennis  O.  Johnsen,  MAJ,  VC 

Assoc iatj  Iii/estigators:  Alexander  De  Paoli,  MAJ,  VC 

Robert  L-,  Hickman,  MAJ,  VC 
Prayot  Tanticharoenyos ,  DVM 

OBJECTIVE:  Potential  antimalarial  drugs  are  to  be  evaluated  in  macaque 
monkeys  to  determine  both  their  toxicity  and  therapeutic  effectiveness 
against  experimentally  induced  infections  of  Plasmodium  cvnomolql. 

DESCRIPTION:  To  determine  toxic  levels,  each  drug  tested  is  given 
to  a  group  of  four  monkeys  by  the  oral  route  unless  special  drug 
characteristics  indicate  otherwise.  An  initial  dose  of  1  mg/kg  is  given 
for  2  days  and  then  successively  increased  by  a  factor  of  3.16  at  two 
day  Intervals  until  signs  of  toxicity  occur.  The  dose  will  then  be 
described  by  the  same  increment  until  the  level  at  which  the  drug  is 
tolerated  for  six  days  is  reached.  Twelve  monkeys  are  used  in  the 
test  for  therapeutic  effectiveness,  two  of  which  are  infected  but  un¬ 
treated  co’'  rols.  The  remainder  of  the  ten  animals  are  paired  and 
given  selected  doses  of  the  test  drug  for  seven  consecutive  days 
commencing  on  the  fourth  day  following  their  infection  with  malaria . 
Initially,  the  drug  doses  administered  in  the  test  for  therapeutic  effec¬ 
tiveness  are  set  at  the  highest  dose  of  the  drug  that  was  determined 
to  be  not  toxic  in  the  toxicity  test,  and  if  therapeutically  effective, 
this  dose  is  reduced  during  subsequent  tests  successively  to  a  non- 
effective  endpoint.  In  the  test  for  therapeutic  effectiveness,  the  drug 
effect  on  the  malaria  infection  is  compared  to  that  of  untreated  control 
monkeys  for  a  thifty  day  period,  at  which  time  animals  in.  which  para¬ 
sitemias  have  been  eliminated  are  splenectomized  to  determine  whether 
a  cure  has  been  achieved.  At  the  conclusion  of  a  test  each  monkey  is 
autopsied  and  examined  grossly  for  the  presence  of  pathologlca1  lesions. 

m&nwS;  Testing  so  far  has  been  limited  to  establishing  consistent 
laboratory  technique  and  the  reliability  of  the  tost  systems.  Seven 
drugs.  Including  chloroquine,  quinine,  diformyl  DDS,  and  four  unknown 
drugs,  have  been  tested  for  toxicity  and  their  maximum  tolerated  doses 
determined.  Three  tests  for  therapeutic  effectiveness  have  been  initiated, 
one  of  which  has  been  completed.  Each  of  the  seven  drugs  have  been 
tested  for  therapeutic  effectiveness  at  least  one  dose  level;  all  of  them 
show  strong  evidence  of  antimalarial  activity.  The  findings  resulting 
from  the  testing  of  the  three  known  drugs  correspond  with  their  activity 
as  demonstrated  clinically  and  tr.  other  test  systems.  These  results 


Indicate  that  testing  of  a  large  number  of  drugs^  whose  antimalarial 
activity  in  primates  has  not  been  determined, may  begin  soon. 

SUMMARY:  The  program  for  using  macaquesin  the  evaluation  of 
candidate  antimalarial  drugs  is  described.  The  three  tests  which 
have  been  initiated  for  therapeutic  eifects  Indicate  thet  this  will  be 
a  promising  system. 
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The  Gibbon  as  a  Host  for  the  Canine  Heartworm 


Principal  Investigators:  Alexander  De  Paoli,  MAJ,  VC 

Carter  L.  Diggs,  LTC,  MC 
Douglas  J.  Gould,  Ph.D., 

Dennis  0.  Johnsen,  MAJ,  VC 
Prayot  Tqnticharoenyos ,  DVM 

Associate  Investigators:  3ruce  A.  Harrison,  OPT,  MSC 

Robert  Gentzel,  SSG 
Ronald  E.  Marshall,  SP5 

OBTECTIVE:  To  determine  the  suitability  of  the  gibbon  as  a  model  for 

studying  transmission  and  clinical  and  pathological  features  of  Dlrofilaria 
immitls .  the  canine  heartwcrm, 

DESCRIPTION:  In  the  United  States  and  Japan  Dlrofilaria  immitls.  the 
canine  heartworm,  has  been  found  in  the  heart,  lungs,  subcutaneous 
tissue,  conjunctivae,  or  periorbital  area  of  humans.  Because  Dlrofilaria . 
which  may  infect  as  many  as  100%  of  the  dogs  in  Thailand,  is  transmitted 
by  mosquitoes  that  also  feed  readily  upon  man,  it  seems  likely  that  the 
risk  of  humans  to  heartworm  infections  may  be  significant  in  areas  where 
heartworms  are  endemic  and  the  appropriate  vector  mosquitoes  are  present. 
This  hazard,  as  well  as  the  pathological  and  diagnostic  features  of  the 
disease  this  parasite  causes  in  man,  are  difficult  to  study  because  there 
is  no  1  boratory  animal,  other  than  the  natural  canine  host,  that  has  been 
experimentally  infected  with  heartworms .  Because  the  gibbon  is  an  ape 
closely  related  to  man  phylogenetically,  and  a  primate  in  which  heart- 
worms  have  been  observed  in  natural  infections,  it  seemed  probable  that 
gibbons  would  be  a  preferable  animal  to  serve  as  an  aberrant  experimental 
host  for  heartworms . 

PROGRESS:  Four  gibbons  were  inoculated  subcutaneously  with  approxi¬ 
mately  50  infective  microfilaria  dissected  from  Aedes  aeovoti  and  Aedes 
toaol  that  had  fed  three  weeks  earlier  cn  a  dog  with  Dlrofilaria  micro¬ 
filaremia.  Blood  and  serum  samples  for  serologic  and  hematologic 
studies  were  collected  at  regular  intervals  for  periods  ranging  up  to  14 
months  following  Inoculation.  Changes  in  the  clinical  and  serological 
status  of  each  animal  occurrod  at  1  to  3  months  following  inoculation  of 
the  microfiiaria ,  Skin  testing  with  two  types  of  Dirofllar<al  skin  test 
antigen  converted  during  this  time  from  negative  to  positive.  Soluble 
antigen  fluorescent  antibodies,  hemagglutination-inhibition  antibodies, 
and  eosinophil  counts  began  to  rise  above  control  values  and  followed 
an  erratic,  but  elevated,  course  throughout  the  .>tudy.  Thoracic  radiographs 


revealed  abnormal  shadows  usually  located  in  the  right  diaphragmatic 
lung  lobe.  Microfilaremia  was  never  detected  in  any  of  the  gibbons. 
One  gibbon  sacrificed  at  five  months  following  inoculation  had  adult 
heartworms  located  in  the  right  ventricle  and  extending  along  ihc 
pulmonary  artery  as  did  each  of  the  animals  sacrificed  later.  The 
number  of  worms  present  varied  from  approximately  3  to  9  in  each 
animal,  and  included  both  sexes  and  gravid  females  in  two  instances. 
Although  further  definitive  studies  employing  mosquitoes  to  inoculate 
infective  microfilaria  into  host  animals  may  be  indicated,  it  is  clear 
that  the  gibbon  is  quite  susceptible  to  infection  and  is  a  worthwhile 
animal  to  consider  using  in  future  experimental  work  with  this  disease. 

SUMMARY:  The  gibbon  has  been  shown  to  be  a  suitable  animal  model 
for  the  study  of  D.  lmmltls  infections,  producing  a  clinical  and 
pathological  course  similar  to  that  in  the  natural  canine  host. 
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Comparative  Pathophysiology  of  Strains  of  £.  histolytica 

Principal  Investigators:  Norman  E.  Wilks,  LTC,  MSC 

Plrom  Phisphumvidhi,  B«S, 

Associate  Investigator:  Peter  K.-  Iber,  MAJ,  MSC 

OBTECTIVE!  To  investigate  the  comparative  inv&cive  traits  of  strains 
of  £,.  histolytica  in  SE  Asia  to  determine  whether  differences  in  pro-* 
teolytic  enzyme  activity  account  for  some  strains  colonizing  in  the 
liver  rather  than  producing  the  classical  colonic  ulceration  with  typical 
amebic  dysentery. 

DESCRIPTION:  It  is  well  known  that  hepatic  amebiasis  occurs  in  SE 
Asia  with  an  apparent  absence  of  symptomatic  amebic  ulceration  of 
the  colon.  Several  such  cases  have  been  reported  in  the  literature 
from  WRAIR  in  troops  serving  in  Vietnam.  Cultivation  of  amebae  has 
been  enhanced  by  the  development  of  monophasic  media  which  permit 
harvesting  of  relatively  clean  populations.  It  is  intended  that  strains 
cultured  from  colonic  lesions,  amebic  abscesses  of  the  liver  and  from 
persons  serving  as  mere  carriers  be  comparatively  studied  by  spectro- 
photometrlc  enzyme  technics . 

PROGRESS:  Attempts  to  isolate  amebae  from  hepatic  abscesses  have 
not  been  successful  to  date,  due,  it  is  believed,  to  the  patients  having 
been  given  chemotherapeutics  which  reduced  the  viability  of  the  amebae. 

Thus,  studies  have  been  confined  to  obtaining  the  essential  baseline  f 

data  for  the  axenic  strain  of  £.  histolytica  maintained  in  this  laboratory  ' 

(strain  HK-9) , 

Following  washing  with  physiological  saline,  populations  of  amebae 
are  determined  with  a  hemacytometer.  Parasites  are  then  homogenized 
in  an  ice  bath,  centrifuged  at  12,000  rpm  for  10  minutes,  and  the  super- 
nate  is  used  in  the  enzyme  assay.  The  following  enzyme  activities  have 
been  measured  during  the  report  period: 

Amlnopeptldase: 

Arginine 
Alanine 
Glycine 
Leucine 


Dipeptidase', 

+  Glycylglycine  + 

+  Pepsin  * 

Hyaluronidase  ± 

+  Lactate  dehydrogenase  i 


Hydrolase: 


Gelatin 

Casein  + 

Hemoglobin  + 

SUMMARY:  Invasive  traits  of  histolytica  ar<  Doing  inves’n  ;  i 
from  the  standpoint  of  proteolytic  enzyme  activity,,  An  axen;<  .  rain 
of  the  amebae  ha’  been  found  to  possess  strong  uminopeptida-e  and 
dipeptidase  activities  _s  veil  as  pepsin  and  the  ability  to  hydrolyze 
casein  and  hemoglobin,  Hvaluronidasc,  lactate  dehydrogenase  .'••rid 
the  hydrolysis  of  gelatin  are  very  much  less  or  absent. 


Immunodiagnosis  of  Parasitic  Infections 


Principal  Investigator:  Norman  E.  Wilks,  LTC,  MSC 

Associate  Investigators:  Robert  Gentzel ,  SSG 

Richard  N.  Hunt,  SP5 
Prasit  Sookto 

OBJECTIVE:  To  employ  commercially  prepared  ani.igens  in  the  SAFA  test 
and  the  IHA  test  for  screening  patients  with  suspected  amebiasis, 
filariasis  or  malaria  to  evaluate  the  test  systems  and  to  detect 
candidate  patients  for  other  studies. 

DESCRIPTION:  Under  contract  with  the  R&D  Command,  Parke-Davise 
and  CO.  have  produced  two  antigens  which  have  been  standardized  in 
preparation  and  in  the  resulting  nitrogen  content  per  milliliter  of  fluid. 
One  has  been  prepared  from  axenic  cultures  of  E.  histolytica,  the  other 
from  D.  immitis.  The  antigens  may  be  used  in  both  the  SAFA  and  IHA 
test  systems.  An  antigen  has  been  prepared  at  WRAIR  intended  for  use 
in  the  diagnosis  of_P.  falciparum  infections.  It  is  intended  to  test  these 
antigens  for  specificity  and  sensitivity  with  sera  from  a  population  with 
a  broad  spectrum  of  infection  and  immunity,  and  to  provide  a  reference 
diagnostic  capability  in  support  of  other  U.S.  installations  in.SE  Asia. 

PROGRESS:  A  disparity  in  test  results  has  been  experienced  using  the 
Parke-Davis  antigen  for  the  diagnosis  of  amebiasis  by  the  SAFA  test  as 
compared  with  results  obtained  from  the  IHA.  Positive  control  sera 
obtained  from  Taipei  provide  reproducible  and  dependable  results  with 
the  IGA  test,  but  do  not  correlate  with  the  SAFA  procedure’s  results, 
the  latter  showing  little  or  no  reaction  at  the  recommended  dilution 
(1:20).  A  loss  of  potency  in  this  test  system  may  be  due  to  a  storage 
factor.  The  antigen  has  been  useful  in  the  IHA  system  to  detect  amebic 
infections  in  patients  in  Bangkok. 

Sera  from  the  9th  Medical  Laboratory,  RVN,  which  were  positive  by  the 
CF  test  using  the  Parke-Davis  antigen  were  tested  by  the  SAFA  and  the 
IHA  systems  and  only  5  of  39  reacted  with  the  former  method  and  only 
11  of  the  39  with  the  latter. 

Screening  of  1339  sera  from  troops  arriving  in  Vietnam  from  CONUS 
detected  60  which  reacted  significantly  with  the  IHA  test.  The  SAFA 
has  yet  to  be  performed.  Of  100  sera  from  cases  of  hepatitis  in 
Vietnam,  none  reacted  with  the  IHA  or  SAFA. 
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The  SAFA  test  has  been  emp.oyed  routinely  as  a  test  for  filariasis.  The 
test  was  found  to  be  adequately  sensitive  in  the  studies  of  canine  heart- 
worm  in  gibbons  (elsewhere,  this  report).  Of  the  1339  sera  from  taxes 
arriving  from  CONUS  who  have  been  studied  so  far,  6  were  found  to  g;  'e 
significant  reactions.  Of  638  troops  departing  RVN  for  CONUS,  3  were 
found  to  give  positive  reactions  for  filariasis.  The  sera  from  100  hepatitis 
patients  failed  to  react  with  the  filarial  antigen. 

No  antigen  for  testing  for  malaria  by  the  SAFA  technic  has  been  received. 
Both  arriving  and  departing  personnel  from  Vietnam  will  be  studied  for 
malarial  antibody  by  this  method  in  the  next  report  period. 

An  attempt  to  obtain  a  reactive  fraction  of  larval  and  adult  gnathostomes 
has  been  initiated,  and  a  weakly  reactive  fraction  has  been  obtained. 

The  requirement  for  such  an  antigen  is  critical  in  some  areas  of  Thailand, 
and  this  effort  will  be  actively  pursued. 

ST.  MMARY:  The  SAFA  test  has  been  found  to  be  relatively  insensitive  in 
the  diagnosis  of  amebiasis,  whereas  the  IHA  using  the  same  antigen  has 
been  satisfactory.  The  SAFA  has  provided  satisfactory  results  in  the 
monitoring  of  filarial  infections  of  gibbons.  No  immunodiagnostic  studies 
have  been  initiated  in  malaria. 
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Studies  on  in  vitro  Ervthrocvto  Penetration  by  P.  falciparum 

Principal  Investigator:  Katchrinnee  Pavanand,  M.D0 

Assistant  Investigators:  Bamyen  Permpanich,  RaN„ 

Nipon  Chuanak 

QBIECUVE:  To  explore  the  possibility  of  in  vitro  penetration  by  P. 
falciparum  in  a  marked  recipient  cell  system  and  to  study  the  effect 
of  serum  from  patients  with  a  history  of  recurrent  malaria  on  the  in. 
vitro  penetration  . 

DESCRIPTION:  The  system  for  detection  of  penetration  in  vitro 
involves  the  inclusion  of  fetal  erythrocytes  in  the  culture „  These 
cells  can  later  be  distinguished  from  adult  cells  by  differential 
elution  of  hemoglobin .  The  presence  of  a  parasite  within  a  fetal  cell 
is  evidence  of  penetration  in  vitro.  The  culture  media  and  tech  ic 
hav  oeen  described  in  a  previous  annual  report  (19  70)  and  by  publi¬ 
cation  (Diggs  et  al,  1971)  . 

PROGRESS:  Previous  reports  describe  studies  in  which  some  decree 
of  inhibition  of  fetal  cell  reinvasion  by  P.  falciparum  was  found 
when  serum  from  immune  subjects  was  introduced  into  the  culture  media. 
Also,  the  inhibition  of  reinvasion  by  whole  Ig  globulins  (half  saturated 
(NH  )2SO^  fraction)  from  2  8  immune  individuals  has  been  comparably 
studied  and  reported.  A  complement  dependent  growth  requirement  for 
the  in  vitro  cultivation  of  P.  falciparum  has  been  detected. 

It  has  become  obvious  that  collection  of  P.  falciparum  infected  blood 
from  patients  is  seasonally  dependent,  yet  a  continual  requirement 
for  this  complicated  experimental  study.  Thus,  an  attempt  has  been 
made  to  preserve  and  store  parasitized  erythrocytes.  The  goal  is  to 
devise  a  technic  for  retaining  the  viability  of  intact  parasites  for 
long  term  studies.  Initially,  heparinized  blood  from  patients  was 
incubated  with  50^  glucose  (1:20)  and  stored  in  liquid  nitrogen  as 
blood-sand  pellets.  The  results  were  not  satisfactory  due  to  complete 
hemolysis  of  red  cells  upon  thawing.  To  overcome  this  problem,  dimethyl 
sulfoxide  was  introduced  as  a  protective  agent  against  freezing  damage 
to  the  parasitized  cells.  Aliquots  of  infected  blood  with  different  concen¬ 
trations  of  DMSO  were  stored  in  liquid  nitrogen  preceded  with  a  stepwise 
freezing  down  before  reaching  liquid  nitrogen  temperature.  At  different 
intervals,  aliquots  of  the  frozen  blood  were  thawed  in  a  "thawing-out" 
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solution  at  42  C  and  the  degree  of  red  cell  hemolysis  was  determined  „ 

The  washed  intact  parasitized  cells  were  then  cultured ,  and  the  parasites 
grew  and  invasion  of  foetal  erythrocytes  occurred „  Improvement  has  been 
made  to  achieve  the  least  hemolysis  upon  thawing . 

This  technic  has  permitted  the  collecting  of  P,  falciparum  infected  blood 
from  malaria  patients  in  different  locations  in  Thailand  for  comparative 
studies o  In  addition,  storage  of  P.  berghel .  P0  coatnevi.  P.  cy.iomolc.il 
and  P.  knowlesl  has  been  similarly  studied,,  The  recovery  upon  thawing 
in  each  instance  has  been  satisfactory  and  patent  infections  were  estab¬ 
lished  in  clean  recipient  animals ,  The  determination  of  maximum  storage 
of  infected  blood  while  retaining  viability  is  in  progress.,  At  this  reporting, 
maximum  storage  for  P.  falciparum  has  been  150  days,  and  for  P.  borghei, 
64  days,, 

SUMMARY:  Observations  of  the  interaction  of  P„  falciparum  and  convales¬ 
cent  sera  in  vitro  have  continued .  Improvement  in  the  freezing  and  recov¬ 
ery  of  intact  viable  parasites  has  been  achieved  „ 
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Ecology  of  Intestinal  Parasites  of  Medical  Importance  in  Thailand . 

Principal  Investigator:  George  S.  Manning,  CPT,  MSC 

Associate  Investigators:  Pravet  Lertprasert 

Kitti  Watanasirmkit,  B.S. 

OBTECTIVE:  To  study  the  life  history,  prevalence  and  pathology  of  two 
newly  discovered  intestinal  trematodes,  Phaneropsolus  bonne!  and 
Prosthodendrium  molenkampi. 

DESCRIPTION:  Autopsy  material  was  examined  for  intestinal  parasites 
at  the  Udomthani  Provincial  Hospital  (for  a  detailed  description  see 
19  70  Annual  Report) .  Animal  species  living  in  and  around  the  village 
of  Ban  Phran  Muan  were  captured  and  necropsied=  Life  cycle  studies 
were  also  carried  out  in  Ean  Phran  Muan,  as  this  site  was  considered 
to  be  an  area  where  active  transmission  was  occurring,, 

PROGRESS:  Adult  P.  bonnei  were  recovered  from  the  duodenum  and 
jejunum  of  the  first  autopsy  case0  On  a  subsequent  autopsy,  P.  bonnei 
and  P.  molenkampi  were  both  found,,  To  date,  24  autopsies  have  been 
examined:  15  positive  for  P„  bonnei  and  14  for  P.  molenkampi.  Autopsy 
material  from  two  cases  was  sent  to  AFIP  for  evaluation.  There  appears 
to  be  little  host  pathology,  other  than  a  decrease  in  the  height  of  the 
epithelial  cells  situated  between  the  host  and  parasite.  This  probably 
results  from  the  pressure  exerted  by  the  presence  of  the  flukes.  However, 
additional  study  is  required  before  we  can  unequivocally  state  that  these 
trematodes  cause  no  appreciable  pathology. 

Search  for  animal  reservoirs  has  revealed  Rattus  rattus .  Scotophilus 
kuhlll  and  Taphozous  melanopoaon  naturally  infected  with  JP„ 
molenkampi.  No  alternate  hosts  for  P.  bonnei  have  been  found  in  or 
around  the  study  sice,  but  Macaca  fasclcularis  captured  from  other 
areas  in  Thailand  have  been  found  to  be  naturally  infected.  This 
evidence  suggests  a  rather  widespread  distribution  cf  the  fluke. 

Ten  villages,  from  the  provinces  of  Udomthani  and  Nongkhai,  were 
surveyed  and  the  prevalence  of  P.  bonnei  and  P.  molenkampi  ranged 
from  10-40/;,  based  on  a  single  stool  examination.  In  addition,  stool 
specimens  submitted  from  patients  in  Laos  have  been  found  positive 
for  both  P.  bonnei  and  P.  molenkampi.  Thus,  the  endemic  area  covers 
at  least  Thailand  and  Laos. 


Several  thousand  aquatic  insects  were  examined  in  the  search  tor  a 
second  intermediate  host  or  source  of  infection.  Metacoroariae  were 
found  in  naiads  of  the  Order  Odonata.  The  metaceroariae  were  fed  to 
experimental  animals  and  botn  trematode  species  were  recovered. 

These  immature  insects  are  frequently  eaten  raw  by  the  villagers. 

In  the  search  for  a  snail  intermediate  host,  several  ponds  where 
infected  naiads  had  been  collected  were  extensively  surveyed.  The 
only  snail  species  collected  was  Bithyijla  aonlomphalus .  Many 
different  cercariae  were  shed  by  the  snails,  but  specific  identification 
was  not  possible.  Though  this  is  not  conclusive,  it  strongly  suggests 
that  aonlomphalus  serves  as  intermediate  host  for  both  P.  bonnel 
and  £«  molenkampl.  Confirmation  h^s  not  bean  possible  as  8. 
aonlomphalus  does  not  breed  readily  under  laboratory  conditions . 

During  the  aforementioned  study  two  additional  species  of  intestinal 
trematodes  were  found  which  had  never  been  recorded  from  man  in 
Thailand.  They  are:  Haolorchls  ypkoaawal.and  Hafll flKhla  tfllSlWU 
Metacercariae  recovered  from  three  species  of  fish,  Lablobarbus 
leptqchellus .  Puntius  aarana  and  slmus  were  fed  to  dogs  and  adult 
flukes  were  recovered  at  necropsy.  Other  piscine  hosts  are  probably 
also  involved  in  the  transmission  of  these  two  species  of  flukes. 

Isoparorchis  hvpselobaarl.  a  parasite  which  has  been  recorded  from 
man,  was  found  infecting  fish  in  the  province  cf  Sakol  Nakom.  Though 
no  human  infections  have  been  found  in  Thailand,  it  is  quite  likely  that 
they  do  occur  as  infection  is  acquired  from  the  ingestion  of  raw  para¬ 
sitized  fish,  and  raw  fish  constitute  a  major  part  of  the  dietf*r  resi¬ 
dents  in  the  northeastern  Provinces . 

SUMMARY:  Four  species  of  Intestinal  trematodes  have  recently  been 
found  to  be  endemic  in  northeastern  Thailand.  They  are:  Phaneroo solus 

fcpnasi,  ifoathgdanflrimn  matenfamBh  flaBigrgiUs  -Y&togflMii  and 
HflUriqrchlS  talchul*  E*  feonnsi  and  £.  molenkampl  are  transmitted 
through  insects  of  the  Order  Odonata ,  £L*  vokogawal  and  H .  taichul 

are  transmitted  through  small  freshwater  fish.  Isoparorchis  hvpselobaarl 
was  also  recorded  for  the  first  time  in  Thailand. 
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Chemotherapy  of  Gnathostomlasis 


Principal  Investigator:  Professor  Svasti  Daengsvang,  Med.D. 

Associate  Investigator:  Udompom  Chularerk,  M.D.* 

Assistant  Investigators:  Phaibul  Sirichakwal,  B.Sc. 

Paisarl  Yingyourd,  B.Sc. 

Rapee  Machimasatha,  B.Sc. 

QBIECTIVE:  To  determine  (1)  the  effect  of  multiple  subcutaneous  doses 
of  Ancylol  on  larval  and  immature  stages  of  Gnathostcma  splnlgerum  in 
infected  dogs  and  cats,  (2)  the  effect  of  oral  administration  of  Bithionol, 

Thiabendazole  and  Niridazole  on  white  mice  previously  infected  with 
G.  splnlgerum  larvae.  These  drugs  have  been  used  effectively  in  the 
treatment  of  certain  helminthic  diseases  but  have  yet  to  be  used  in 
treating  gnathostome  infections. 

DESCRIPTION;  (1)  Ancylol,  D}sophenol  (2 ,  6~dllodQ-4-nltrophenol) 

Parenteral  4.5%. 

Previous  results  suggest  that  3  to  6  subcutaneous  dos-s  of  ancylol 
kill  many  larvae  and  immature  G.  splnlgerum  located  in  the  tissue  (1970 
Annual  Report) .  The  effect  of  4-7  subcutaneous  doses,  of  the  same 
chemotherapeutic  agent,  on  the  migrating  stage  of  the  worm  in  various 
organs  of  dogs  and  c$ts  is  again  undertaken.  The  drug  was  administered  j 

to  7  cats  and  4  dogs,  previously  infected  with  G.  spinlaerum  .  Five  ' 

Infected  cats  and  four  dogs  were  used  as  controls.  Each  dose  amounted 
to  0 , 1  ml  of  drug  per  pound  of  body  weight;  directions  given  by  the  manu¬ 
facturer  for  the  treatment  of  canine  hookworm.  Treated  animals  were 
given  4  to  7  weekly  doses  of  the  drug,  1  and  3  months  after  being  trans- 
cutaneously  infected  with  the  larvae.  Experimental  animals  were  sacri¬ 
ficed  and  examined  for  the  presence  of  worms  in  the  various  organs  12- 
22  days  after  the  last  dose  was  given. 

(2)  BitMw?!  SLfeimu  oral  adminis¬ 

tration  . 

This  phenolic  compound  has  been  used  effectively  in  treating  human 
paragonimiasis  in  Japan  (Yokogawa  iLoL*  1963)  and  Thailand  (Charoenlarb 
1964).  Bithionol  is  now  being  studied  to  determine  its  effectiveness 


*  Department  of  Parasitology,  Faculty  of  Public  Health,  Mahldol 
University, 
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by  oral  administration  in  distilled  water  and/or  in  10%  ethanol 
administered  through  a  polyethylene  tube  to  adult  white  mice  infected 
with  G.  spinlaerum.  Dosage,  40  mg/kg  body  weight  every  other  day. 
Adult  laboratory  bred  white  mice  weighing  25-38  grams  were  used  for 
the  experiment.  Autopsies  were  performed  on  mice  after  completing 
the  experiment.  An*  electrically  illuminated  examination  box  and 
microscope  were  used  to  determine  the  presence  of  worms  in  the 
muscles  and  visceral  organs. 

(3)  Thiabendazole  (MK-360)-  2-(4-Xhlazolvl  benzimidazole)  oral 

a&nMj&atiaiu 

This  drug  has  been  shown  to  be  effective  in  treating  experimental 
trichinosis  in  swine  (Campbell  and  Cuckler,  1962)  at  a  dosage  of  86 
mg/kg  body  weight  for  7  days  o  Papasarathom  et  al.  (1964)  found  that 
thiabendazole  was  effective  for  subclinical  ascariasis  and  trichuriasis 
in  man  when  given  for  one  day  and  two  days  and  without  any  serious 
untoward  reactions. 

A  preliminary  study  on  the  effect  of  thiabendazole  on  induced  gnathosto- 
miasis  in  laboratory  bred  white  mice  was  undertaken.  Fifteen  white 
mice  were  infected  orally  with  advanced  third -stage  larvae  and  15  with 
fully  developed  larvae  of  G.  spinlaerum.  10  from  each  group  were  treated, 
the  remaining  5  used  as  controls.  Autopsies  were  performed  on  all  treated 
and  control  mice  to  examine  for  the  presence  of  worms  in  the  tissues. 

(4)  Nlrldazole  (Ambllhar.  Clba).  l-(5-nitro-2-thlazolvl)  -2-lmldazolldi- 
none  or  Clba  32.  644 -Ba  oral  administration. 

Niridazole  was  originally  introduced  for  the  treatment  of  schistosomiasis; 
it  is  also  known  to  be  active  against  Entomo°ba  histolytica  (Lambert 
1964,  Powell  1966).  The  drug  was  prepared  fresh  at  1  mg  in  1  ml 

distilled  water  for  administration  to  each  experimental  mouse,  at  a  daily 
dosage  of  25  mg  per  kilogram  body  weight.  Fifteen  1  boratory  bred  white 
mice  were  orally  infected,  10  were  treated  with  the  drug,  the  other  5  were 
used  as  controls. 

PROGRESS:  Table  1  summarizes  the  results  of  ancylol  in  7  treated  cats 
and  4  dogs.  The  results  show  that  5-6  weekly  doses  effectively  cured  3 
(one  cat  reported  last  year)  of  the  5  infected  cats  beginning  the  treatment 
1  month  after  the  infection  with  the  larvae , 
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Tibi*  i.  Chenctherapy  of  G.  iplnlgtn*  laryil  and  lawatwri  stage*  Inflating  daflnltlvt  hosts 
(cats  and  dogs)  by  Multiple  subcutaneous  doses  of  Ancylol  dlsophenol  (2,  6-di  1  odo-4- 
n  1 1 roprwnol )  on  the  bam  of  0.1  Ml  par  pound  body  Might  pir  doio  it  7-day  Intirvils. 
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Three  of  the  four  dogs  beginning  treatment  1  month  and  3  months  after 
infection  showed  markedly  lower  worm  survival  rates  than  corresponding 
controls.  One  animal  was  completely  cured .  It  is  apparent  that  Ancylol 
may  be  used  with  good  results  if  administered  under  close  and  careful 
supervision,  but  no  further  studies  are  planned  because  of  the  drugs 
potential  toxicity. 

(2)  Blthlonol  or  Bitin.  oral  administration.  The  preliminary  finding  of 
bithionol  chemotherapy  on  induced  gnathostomiasis  in  white  mice  ia 
shown  in  Tables  2  and  3,  The  drug  appears  to  have  little  or  no  affect 

on  the  parasite,  but  because  so  few  mice  were  studied,  repeated  studies 
using  more  infected  mice  are  now  being  developed. 

(3)  Thiabendazole,  oral  administration.  The  findings  indicate  that  no 
significant  difference  exist  between  the  treated  mice  and  controls.  The 
10  treated  mice  showed  a  total  of  42  (84%)  living  larvae  encysted  in  tne 
muscles  and  liver.  The  5  control  mice  killed  and  examined  showed  23 
(92%)  living  encysted  larvae  in  muscles  and  liver. 

(4)  Nlrldazole  (Ambllhar.  Clba)  oral  administration.  This  experiment 
on  mice  Infected  with  51*  spinloerum  fully  developed  larvae  in  cyclops 
is  still  in  progress. 

SUMMARY:  Three  of  5  adult  cats  treated  with  5-6  subcutaneous  doses 
of  ancylol  disophenol  were  cured  of  infection  with  £u  spiniaerum:  the 
remaining  cats  showed  significant  reductions  of  the  worm  survival  rates. 
Similarly,  all  four  infected  dogs  showed  either  a  significant  reduction 
in  the  survival  rates  of  worms  or  were  completely  cured.  Toxic  effects 
were  noted  in  only  one  animal.  Oral  administration  of  bithionol  was  only 
slightly  effective  in  worm  load  reduction.  Thiabendazole  seems  to  have 
no  therapeutic  value  in  experimentally  Induced  gnathostomiasis.  The 
study  on  the  therapeutic  effect  of  nlrldazole  (Ambilhar,  Ciba)  on  white 
mice  is  still  in  progress. 
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Table  2  Preliminary  finding  of  chemotherapy  on  experimental 
white  mice  infected  with  fully  developed  Gnathoatoma 
aplnlgerum  larvae  In  cyolope  by  oral  adminletratlon 
of  blthlonol  <bltln),  1,  2'-thloble  (4,  6-dlchlorbphenol) . 
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Studies  of  New  Experimental  Hosts,  Life  Cycles  and  Modes  of  Trans¬ 
mission  of  Gnathostomes. 


Principal  Investigator:  Professor  Svasti  Daengsvang,  Med.D.* 

Assistant  Investigators:  Phaibul  Sirichakwal,  B.Sc. 

Paisarl  Ylngyourd,  B.Sc. 

Rapee  Machimasatha,  B.Sc. 

OBIECTIVE:  To  locate  new  experimental  host  animals  susceptible  to 
Gnathostoma  splniaerum.  G.  hlspldum.  and  dolorosl  and  to  determine 
the  life  cycle  of  vletnamlcum. 

DESCRIPTION:  Fresh  water  crabs  were  tested  as  possible  intermediate 
hosts  of  G.  spinioerum  in  feeding  experiments  using  infected  cyclops  for 
some  and  third -stage  larvae  from  laboratory  mice  for  others.  A  Macaca 
lrus  fed  larvae  of  G.  splniaerum  nearly  4  years  previously  was  examined 
for  infection.  Laboratory  determinations  for  paratenic  hosts  of  G.  hlspldum 
continued . 

PROGRESS:  The  results  of  experimental  feeding  of  fully  developed 
Gnathostoma  spinlgerum  larvae  in  cyclops  and  advanced  third-stage 
larvae  from  experimental  mice  to  fresh  water  crabs  were  as  follows: 


Number  of  crabs  Larvae  fed  and  source  Autopsy  results 


3  Potamon  smlthanus  22-43  Larvae  in  cyclops  Neg.  at  2-25  days. 

3  Paratelphusa  sexpunctatum 


2  P.  smlthanus 
2  P.  sexpunctatum 

1JP.  sexpunctatum 


ip.  smlthanus 

6  P.  sexpunctatum 


7-30  Larvae  from  mice 

3  Larvae  from  mice 

8  Larvae  from  mice 

50  (2  feedings)  from 
mice 

None  (controls) 


Neg.  at  3-34  days. 

Pos.  1  living,  1  dead 
at  1  1/2  hours. 

Pos.  6  living  at  38  days 

Pos.  16  living  at 
34  days. 

Negative. 
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It  is  concluded  that  fresh  water  crabs  can  act  as  a  source  of  infection 

for  fi*  gBinlflflrum, 

The  monkey  examined  1112  days  after  receiving  one  feeding  of  17 
G.  spinlaerum  larvae  yielded  5  encysted  living  larvae- in  the  muscles. 

The  larvae  measured  5.0  x  0.5-0. 6  mm  which  is  slightly  larger  than 
those  found  in  other  paratenic  hosts.- 

The  feeding  of  Q,.  hlspldum  larvae  in  Cyclops  to  a  variety  of  animals 
showed  that  snake  headed  fishes*  fighting  fishes*  a  common  small 
fresh  water  fish  (Trlchogaster  trichoptarus)  and  toads  could  be  so 
infected,  but  <that  3  catfish  and  a  giant  lizard  were  not  susceptible 
during  this  particular  series  of  experiments.  The  list  of  susceptible 
animal  hosts  for  the  larval  stages  of  this  gnathostome  has  been  broadened 
to  inch  the  following: 

Snake  headed  fish  (Qphlcephalus  striatus.  and  O.  gachua). 

Catfish  (Clarlas  batrachus) 

Fighting  fish  (Trichopsls  vlttatus) 

Toads  (Bufo  melanostlctus) 

Frogs  (Rana  rucmlosa) 

Pla  kadi  (Trlchogaster  trichQPterua) 

White  mice  (Mus  musculus  muiculus) 

White  rats  (Bflffiig.qgEygflteug  var.  albinusl 
Roof  rats  (Rattus  rattus) 

Polynesian  rats  (Rattus  exulana) 

Tree  shrew  (Tupala  qlls) 

The  third -stage  larvae  of  G.  hisoidum  obtained  from  white  mice  and  a 
toad  were  found  to  survive  feeding  a  second  time  to  mice*  thus  establishing 
the  mouse  as  a  suitable  paratenic  host.  Fish,  amphibians*  and  mammals 
have  thus  been  found  to  serve  as  transmitting  hosts  for  this  parasite. 

The  studies  on  G.  dolousl  and  G .  vietnamlcum  were  without  progress 
during  the  reporting  period . 

SUMMARY:  Fresh  water  crabs  were  successfully  infected  with  third  stage 
larvae  of  £*  spinlgerutp.  but  not  with  larvae  from  cyclops .  Larvae  of  this 
species  were  found  to  survive  at  least  1112  days  in  a  monkey.  The  list 
of  intermediate  hosts  for  G.  hlspldum  was  broadened  to  include  white  mice 
and  toads  as  paratenic  hosts.  Amphibia,  fishes  and  mammals  now  are  known 
to  harbor  this  larval  parasite. 
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Inf  activity  of  Gnathostoma  hlspldum  Larvae  from  Cyclops  and  of 
Advanced  Third-stage  Larvae  from  Cold-blooded  Animals  for  Primates. 

Principal  Investigator:  Professor  Svasti  Daengsvang,  Med.D. 

Assistant  Investigators:  Pl;;ibul  Sirichakwal,  B.Sc. 

Paisarl  Yingyourd,  B.Sc. 

Rapee  Machimasatha,  B.Sc. 

OBJECTIVE:  To  determine  whether  or  not  infection  in  primates  with 
Gnathostoma  hlspldum  fully  developed  larvae  from  cyclops  is  possible, 
and  whether  or  not  the  advanced  third-stage  larvae  obtained  from  cold 
blooded  animals  will  infect  primates. 

DESCRIPTION:  An  adult  monkey  (Macaca  Irus)  was  fed  500  fully 
developed  G.  hlspldum  12 -day-old  larvae,  another  adult  monkey 
(Macaca  irus).  and  one  adult  gibbon  (Hvlobates  lar.).  were  each 
fed  53  and  50  G.  hlspidum  advanced  third-stage  larvae  respectively. 
These  larvae  were  obtained  from  experimentally  infected  fresh  water 
fish  Qphlcephalus  stria tus  (snake -headed  fish)  Trichopsis  vittatus 
(small  fighting  fish)  and  toads  iBufo  melanostictus) .  The  feeding  was 
done;  via  a  polyethylene  tube.  The  primates  were  subsequently  killed 
and  examined  after  2-3  months  for  larvae  with  the  use  of  an  illuminated 
examination  box. 

PROGRESS:  An  autopsy  of  the  monkey  64  days  after  being  fed  with 
500  fully  developed  larvae  in  cyclops  was  negative  for  gnathostome 
larvae.  The  gibbon  when  necropsied  98  days  after  being  fed  with  the 
advanced  third-stage  larvae  obtained  from  the  cold  blooded  animals 
was  also  negative.  However  the  monkey  fed  with  the  advanced  third - 
stage  larvae  obtained  from  the  cold  blooded  animals  was  found  infe'  ^etl 
on  necropsy  93  days  after  the  first  feeding,  and  57  days  after  the  las  , 
with  1  encysted  living  hlspldum  advanced  third -stage  larva,  with 
a  thin  fibrous  cyst  wall,  in  the  back  muscles.  This  larva  after  being 
removed  from  the  cyst  wall  was  seen  actively  moving  and  its  size  and 
morphology  were  still  that  of  the  advanced  third-stage  larva. 

SUMMARY:  This  study  demonstrated  that  monkeys  were  not  infected 
by  feeding  them  with  Q,  hlspldum  larvae  in  cyclops,  but  G .  hlspldum 
advanced  third-stage  larvae  obtained  from  cold  blooded  animals  would 
Infect  Macaca  irus. 


Transcutaneous  Infection  by  Gnatho stoma  splnlqerum 

Principal  Investigator:  Professor  Svasti  Daengsvang,  Med,D. 

Assistant  Investigators:  Phaibui  Sirichakwal,  B.Sc. 

Paisarl  Yingyourd,  B.Sc. 

Rapee  Machimasatha,  B.Sc. 

OBJECTIVE:  To  characterize  experimental  gnathostomiasis  induced 
by  the  recently  discovered  transcutaneous  route « 

DESCRIPTION:  Three  cats,  three  dogs,  one  adult  civet  cat  (Viverricula 
lndlca)  and  one  palm  civet  cat  (Payadoxulus  hermaphrodltus  canus).  were 
exposed  to  transcutaneous  infection  through  the  shaved  intact  abdominal 
skin  with  G .  soinloerum  advanced  third-stage  larvae  removed  from 
experimentally  infected  white  mice.  Stools  were  examined  weekly  after 
infection  for  the  presence  of  gnathostome  ova.  Autopsies  were  performed 
on  the  animals  after  a  specified  time  to  examine  for  the  development  and 
migration  of  the  worms  in  various  organs  • 

PROGRESS:  The  results  of  observations  on  the  3  cats,  3  dogs,  1  civet 
cat  and  1  palm  civet  oat  were  as  follows: 

On  autopsy,  cats  number  83  and  91  showed  no  infection  with  the  parasite. 
The  remaining  cat  (#84)  was  kept  for  further  Infection  with  Gj  splnlqerum 
larvae. 

On  autopsy,  dogs  number  2  and  10  showed  no  gnathostome  infection. 

The  remaining  dog  (#18)  died  of  an  unknown  cause  on  day  66  during  the 
patent  period.  On  necropsy,  3  small  gastric  tumors  at  the  greater  curvature 
of  the  stomach  yielded  45  (70%  worm  recovery  rate)  living  mature  adult  males 
and  females. 

In  Tables  1  and  2,  a  summary  of  the  experimental  study  on  transcutaneous 
infection  by  G.  splniaerum  advanced  third-stage  larvae  through  the 
healthy  intact  skin  of  19  common  definitive  hosts  of  the  worm  (10  cats 
and  9  dogs)  shows  that  the  successful  rate  of  skin  penetration  of  the 
larvae  varied  from  39-100%  with  not  more  than.  2 -hour  exposure.  The 
prepatent  period  of  the  parasite  w«s  found  to  be  60-310  days  in  cats, 
thus  the  life  cycle  of  the  worm  in  oats  oould  be  completed  in  2-10  months. 
The  prepatent  period  in  dogs  was  96-247  days,  or  the  time  required  to 
complete  the  life  cycle  about  3-8  months.  It  was  also  found  that  the 
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larvae,  after  completing  the  penetration  through  the  skin  of  the  animals, 
were  found  infecting  many  organs.  Sometimes  mature  adults  were  found 
in  the  stomach  wall;  concurrently,  the  larvae  and  or  immature  worms 
were  found  in  other  organs  of  the  host.  This  finding  seems  to  indicate 
that  the  larvae  do  not  develop  at  the  same  rate  in  the  host  after  com¬ 
pleting  the  transcutaneous  phase. 

The  civet  cat  was  never  found  to  pass  ova  and  on  necropsy  showed  15 
living  larvae  (14  unencysted  and  1  encysted  larvae)  located  in  the 
muscles  of  the  abdominal  wall,  back,  and  fore-and  hind -legs.  One 
mature  adult  male  was  located  in  the  right  costal  muscles.  The  11  larvae 
were  only  slightly  larger  than  before  the  experiment.  The  palm  civet 
cat  never  became  ova  positive  and  at  necropsy  there  were  11  living 
larvae  (6  encysted  and  5  unencysted)  in  the  abdominal  muscles.  The 
results  indicate  that  the  civet  cat  could  potentially  act  as  a  natural 
definitive  host  because  the  site  near  the  stomach  wall  was  found  in¬ 
fected  with  1  mature  adult  male.  The  palm  civet  cat  may  perhaps  be 
considered  as  the  paratenic  host  because  only  the  larvae  could  be  found 
infecting  the  animal . 

SUMMARY:  Continued  observations  of  transcutaneous  infection  with 
G.  spinjqerum  advanced  third-stage  larvae  on  3  cats,  3  dogs,  1  civet 
cat  and  1  palm  civet  cat  showed  that  the  cats  had  prepatent  periods 
ranging  from  60  to  310  days  and  patent  period  of  89-357  days.  In  3  dogs 
the  prepatent  periods  ranged  from  231  to  247  days  and  the  patent  periods 
from  over  66  to  257  days.  The  larvae,  after  completing  the  skin  penetra¬ 
tion,  were  found  developing  to  immature  adults  at  different  rates  before 
becominr mature  adults  in  the  stomach  wall.  The  civet  cat  was  considered 
to  be  a  potential  definitive  host,  but  the  palm  civet  cat  was  thought  to  be 
a  paratenic  host  (transmitting  host). 
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models  are  sought  which  allow  identification  of  characteristic  features  of  the  disease 
and  the  impact  of  the  disease  on  concurrent  infection. 

:1C.  'Ll)  F o  07  -  71  C6  The  maintenance  of  a  large  experimental  ar.ima*  colony  provides 
an  opportunity  tc  observe  these  animals  for  diseases  that  are  not  deliberately  induced 
experimentally.  The  gibbon,  in  particular,  has  been  studied  because  of  its  close 
phyl  ig'-netic  relation  to  man  and  because  of  its  availability  in  Thailand.  Infectious 
diseases  (bacterial  and  parasitic)  are  the  leading  cause  of  death  in  the  animal  colony. 
Ohmic  granulocytic  leukemia  has  occurred  in  3  gibbons.  In  order  tc  promote  gibbon 
breeding  in  captivity,  their  reproductive  physiology  is  being  studied.  Gibbons  are 
.  brervel  f-om  birth  to  established  growth  and  development  norms.  Fatal  acute  encepnaio 
pa  thy  occurs  frequently  in  Thai  children.  Hepatic  failure  wit':-,  hyperammonia  has  been 
established  as  the  cause  of  the  encephalopathy.  For  technical  reports  see  Walter  Recti 

Army  Institute  of  Research  Annual  Progress  Report,  1  Jul  70  -  30  jun  71. 
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Project  3A062110A8 11  MILITARY  MEDICAL  RESEARCH  PROGRAM  S  JE1  .ASIA 


Task  00,  Tropical  and  Subtropical  Military  Medical  Research 
Work  Unit  047,  Metabolic  diseases  of  man  and  animals 
Investigators. 

Principal:  Robert  B.  Cotton,  MAJ,  MC 

Associate:  Dirck  L.  Brendlinger,  MAJ,  VC:  Alexander  DePaoli, 
MAJ,  VC;  Kamnual  Dhiensiri,  M.D.*;  Allen  M. 
Glasgow,  CPT,  MC;  Robert  L.  Hickman,  MAJ,  VC; 
Dennis  O.  Johnsen,  MAJ,  VC;  Kwanyuen  Lawha- 
swasdi,  DVM;  Walter  W.  Noll,  MAJ,  MC;  Prayot 
Tanticharoenyos,  DVM;  Markpol  Tingpalapong,  DVM 
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Encephalopathy  Due  to  Ammonia  Intoxication  in  Hepatic  Failure 

Principal  Investigator:  Allen  M.  Glasgow,  CPT,  MC 

Associate  Investigators:  Robert  B.  Cotton,  MAJ,  MC 

Kamnual  Dhiensiri,  MD* 

OBTECTIVE:  Investigate  the  possibility  that  the  encephalopathy  of 
Reye's  syndrome  is  secondary  to  hepatic  failure. 

DESCRIPTION:  Blood  ammonia  (BA)  levels  were  studied  in  40  cases  of 
Reye's  syndrome. 

+ 

PROGRESS:  Blood  ammonia  was  elevated  (above  0.1  uM  NH4  per  ml) 
on  admission  in  32  cases.  In  22  cases,  the  admission  BA  was  above 
0.2  pM/ml  and  in  17  above  0.3  ^iM/ml.  BA  levels  ranged  from  .025 
^iM/ml  to  .095 ^iM/ml  in  20  hospitalized  controls. 

There  were  eleven  survivors .  Seven  of  eight  patients  with  a  normal 
admission  BA  and  an  additional  patient  with  only  marginal  elevation 
survived.  Of  the  3  survivors  with  definite  elevation  of  BA,  2  regained 
consciousness  immediately  after  receiving  intravenous  glucose. 

The  highest  BA  levels  were  found  in  the  most  deeply  comatose  patients. 
In  all  instances  where  serial  determinations  were  possible ,  the  level 
of  BA  fell  following  admission.  Many  patients  expired  even  though 
the  BA  level  'all  to  normal  or  nearly  normal  levels . 

In  thirteen  patients  treated  with  glucose-saline  cleansing  enemas, 
no  effect  was  demonstrated  either  on  BA  level  or  survival. 

SUMMARY:  This  study  demonstrates  a  relationship  between  BA  and 
encephalopathy  in  Reye's  syndrome.  These  observations  indicate  that 
the  encephalopathy  of  Reye's  syndrome  is  probably  secondary  to  hepatic 
dysfunction. 
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Laboratory  Animal  Disease  in  Thailand:  Its  Occurrence 
and  Importance  to  Comparative  Medicine. 


Principal  Investigator:  Dennis  0.  Johnsen,  MAJ,  VC 

Associate  Investigators:  Alexander  DePaoli,  MAJ,  VC 

Robert  L.  Hickman,  MAJ,  VC 
Kwanyuen  Lawhaswasdi,  DVM 
Prayot  Tanticharoenyos,  DVM 
Markpol  Ting  pa  la  pong,  DVM 

QBTECTIVE:  The  objective  of  this  study  is  to  detect  and  investigate 
spontaneous  metabolic  and  infectious  diseases  of  laboratory  animals 
for  the  purpose  of  recognizing  and  developing  animal  models  for 
research  studies  as  well  as  to  define  and  improve  the  health  of 
laboratory  animals  maintained  in  Thailand. 

DESCRIPTION:  In  order  to  accomplish  the  objective,  a  program  of 
continuous  surveillance  of  the  health  status  of  the  animal  colony 
has  been  developed.  Four  areas  are  emphasized  in  this  program: 
the  disease  screening  program  conducted  in  the  laboratory  animal 
breeding  colony,  the  recurring  clinical  and  laboratory  examination 
of  animals  housed  in  the  laboratory  including  those  procedures 
performed  during  the  quarantine  of  newly  purchased  animals,  com¬ 
plete  post  mortem  examination  of  each  animal  that  dies  in  the  colony, 
and  the  development  of  standards  for  operation  and  quality  control 
that  are  indicated  by  the  resulting  findings .  When  indicated  by  the 
findings,  experimental  studies  are  initiated  to  explore  the  problems 
that  occur  in  detail. 

PROGRESS:  In  the  breeder  disease  screening  program  and  from 
rodents  that  were  autopsied  because  of  spontaneous  death,  155  mice, 
60  rats,  165  hamsters,  and  110  guinea  pigs  were  examined  for 
spontaneous  lesions  and  bacterial  flora.  No  bacteria  considered  to 
be  common  pathogens  were  isolated  from  either  the  lungs  or  intestines. 
Pathological  lesions  in  the  mouse  consisted  chiefly  of  chronic  pneu¬ 
monia  in  about  5%  of  the  animals  examined  with  a  smaller  number 
showing  multifocal  hepatitis  probably  due  to  nematode  parasites. 

Two  neoplasms,  one  a  teratoma,  occurred  in  the  mouse  colony.  The 
only  pathological  lesions  detected  in  the  inbred  Fischer  strain  rat 
colony  were  two  tapeworm  cysts,  probably  Cysticercus  fasclolaris. 
Pulmonary  congestion  appeared  in  about  5%  of  the  hamsters  examined. 
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and  in  an  equal  number  liver  pathology ,  consisting  of  congestion, 
fatty  infiltration,  periportal  hepatitis,  tapeworm  cysts,  and  other 
nonspecific  hepatitis  was  observed.  In  contrast  to  the  other  rodents, 
there  was  also  a  significant  amount  of  kidney  pathology  consisting 
of  congestion, pyelonephritis,  and  cortical  scarring  present  in  the 
hamsters.  Like  the  other  rodents,  pneumonia  was  the  most  con¬ 
sistently  occurring  lesion  observed  in  the  guinea  pig.  Two  cases 
of  interstitial  pneumonia,  one  of  which  was  caused  by  Toxoplasma . 
one  case  of  chronic  bronchopneumonia,  and  one  case  of  lipid 
pneumonia  were  found.  Two  guinea  pigs  had  liver  lesions  consisting 
of  multifocal  necrosis  and  fatty  degeneration.  Acute  cystic 
necrotizing  colitis  and  coccioiosis  were  found  in  the  intestine  of 
one  animal.  Five  macaque  monkeys  died  from  non-experlmental 
causes  during  the  year,  the  most  frequent  cause  of  death  being 
pneumonia,  with  enteritis  accounting  for  the  rest  of  the  deaths. 

Parasitic  infections,  consisting  of  oesophagostomiasis,  whipworms, 
and  hookworms  occurred  randomly  in  the  macaques  in  that  order  of 
frequency.  A  significant  number  of  the  macaques  were  also  naturally 
infected  with  malaria,  nearly  all  of  which  was  identified  as 
Plasmodium  lnui.  Microfilaria  were  discovered  in  the  blood  of  three 
animals,  and  adult  filariae  were  found  in  the  mesentery  of  one;  an 
identification  of  this  parasite  was  not  made.  Ten  non*experimentally 
induced  deaths  occurred  among  the  gibbons.  Although  pneumonia  was 
apparently  the  leading  cause  of  death,  intercurrent  pathological  pro¬ 
cesses  in  other  organs  as  well  often  complicated  a  clear  diagnosis. 
Strongyloidosis  and  lymphoproliferative  diseases,  which  are 
described  elsewhere  in  this  report,  were  involved  in  seven  cases 
of  death  or  terminal  illness,  and  are  considered  significant  pathological 
observations . 


Gibbon  Growth  and  Development  Study 


Principal  Investigators:  Dennis  O.  Johnsen,  MAJ,  VC 

Prayot  Tanticharoenyos ,  DVM 
Dirck  L.  Brendlinger,  MAJ,  MC 

Associate  Investigator:  Markpol  Tingpalapong,  DVM 

OBJECTIVE:  The  production  of  gibbons  from  the  gibbon  menstrual  cycle 
and  breeding  program  has  offered  a  unique  opportunity  to  measure 
certain  parameters  of  growth  and  development  in  animals  where  birth- 
dates  are  known.  The  purpose  of  this  study  is  to  relate  distinctive 
developmental  features  to  the  age  of  these  young  gibbons  so  that  the 
age  of  animals  with  unknown  birthdates  may  be  accurately  determined. 

DESCRIPTION;  Growth  and  development  is  measured  by  body  weights, 
dentition,  whole  body  radiographs,  and  sexual  development  evaluated 
at  quarterly  intervals.  During  the  report  period  11  quarterly  observa¬ 
tions  have  been  it  ade  among  the  four  baby  gibbons  that  were  available 
for  study. 

PROGRESS:  In  addition  to  having  whole  body  radiographs  available 
through  the  age  of  3  years  in  one  animal,  the  birth  of  a  gibbon  in  the 
breeding  program  made  it  possible  to  obtain  the  first  skeletal  radio¬ 
graphs  taken  at  the  time  of  birth.  The  identifiable  differences  in 
skeletal  development  between  2  years  and  3  years  are  mostly  subjective. 
The  long  bones  and  the  epiphyses  assume  a  more  sculptured 
appearance  that  more  closely  corresponds  to  their  configuration  at 
maturity.  During  this  time  the  ossification  of  the  sesamoid  process 
of  the  metacarpophalangeal  joint  begins.  The  upper  and  lower  perma¬ 
nent  second  incisors  erupt  during  this  time  as  wel^and  more  than 
1  kg  is  gained  to  bring  the  body  weight  to  approximately  3  kg. 
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Gibbon  Menstrual  Cycle  and  Breeding  Study 


Principal  Investigator:  Markpol  Tingpalapong,  D.V.M. 

Associate  Investigators:  Robert  L.  Hickman,  MAJ,  VC 

Dennis  O.  Johnsen,  MAJ,  VC 
Prayot  Tanticharoenyos ,  D.V.M. 

OBJECTIVE;  In  this  study  the  reproductive  cycle  of  the  female  gibbon  and 
semen  of  the  male  gibbon  are  characterized  and  related  to  other  physical 
parameters  of  breeding  performance  with  the  ultimate  goal  of  obtaining 
reproduction  of  the  gibbon  in  a  laboratory  environment. 

DESCRIPTION:  Data  characterizing  the  female  menstrual  cycle  ha.-  been 
obtained  by  daily  vaginal  swabbing  and  visual  observation  for  the  presence 
of  blood  and  measuring  the  degree  of  vulvar  eversion  in  females  beiieved 
to  be  reproductively  normal. 

PROGRESS:  The  degree  of  variation  in  the  length  of  the  menstrual  cycle 
and  the  duration  of  menstrual  bleeding  confirms  previous  observations 
that  regularity  in  the  gibbon  is  a  yet  to  be  discovered  exception  to  the 
rule  that  the  gibbon  has  a  completely  irregular  menstrual  cycle.  By 
broadly  generalizing,  it  appears  as  if  the  duration  of  the  cycle  is  commonly 
19-23  days,  with  the  menstrual  flow  occupying  from  2-4  days  of  this 
cycle.  Periods  of  amenorrhea,  lasting  up  to  116  days,  seem  to  be 
multiples  of  the  basic  cycle  time  interval.  These  periods  of  amenorrhea 
also  occurred  most  frequently  during  the  months  of  April  through  Septem¬ 
ber,  so  it  may  be  that  gibbons  tend  to  be  more  reproductivfely  quiescent 
during  these  months .  Two  baby  gibbons  were  born  during  the  report  period 
from  a  total  of  eight  breeding  pairs  present  in  the  laboratory.  One  of 
these  babies  was  born  prematurely  and  did  not  survive. 
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Leukemia  In  The  Gibbon 


Principal  Investigators:  Alexander  De  Paoli,  MAJ,  V.C. 

Walter  W.  Noll,  MAJ,  M.C. 

Dennis  0.  Johnsen,  MAJ,  V.C. 

OBJECTIVE:  The  study  was  undertaken  to  characterize  clinically  and 
pathologically  chronic  granulocytic  leukemia  in  the  gibbon. 

DESCRIPTION:  During  this  reporting  period  three  cases  of  chronic  granu¬ 
locytic  leukemia  occurred  in  the  gibbon  colony.  Striking  similarities  in 
time  of  onset,  clinical  course  and  hematologic  values  were  noted  in 
these  animals.  In  addition  to  the  leukemia,  unusual  solid  periosteal 
nurses  composed  of  foamy  histiocytes  and  mature  granulocytes  were 
present. 

PROGRESS:  The  three  animals  have  recently  been  autopsied.  Clinical, 
hematological  and  pathological  data  are  presently  under  evaluation. 

SUMMARY:  Three  cases  of  chronic  granulocytic  leukemia  have  recently 
occurred  in  the  gibbon  colony.  Clinical  and  pathological  data  on  these 
cases  are  presently  under  study. 
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27.  (U)  To  define  the  ecology  of  rickettsial  diseases  of  military  importance  in 
Thailand. 

2l*.  (U)  Disease  occurrence  in  Thailand  is  determined  by  case  detection  and  laboratory 
methods.  The  disciplines  of  clinical  medicine,  medical  entomology,  epidemiology,  and 
rickettsiology  are  used  to  identify  the  various  components  of  the  ecosystem  (e.g. 
vectors,  hosts,  reservoirs). 

25.  (U)  70  07  -  71  06  Preliminary  results  suggest  that  the  bandicoot,  Bandicota  indica 
may  be  an  important  reservoir  host  of  the  Q-fever  rickettsia  in  central  Thailand. 

Man  and  the  potential  vectors  are  being  investigated  to  better  determine  the  ecologic 
cycle  as  well  as  human  disease  potential  and  significance  in  the  area.  For  technical 
reports  see  Walter  Reed  Army  Institute  of  Research  Annual  Progress  Report,  1  Jul  70  - 
30  |un  71. 
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Project  3A062110A811  MILITARY  MEDICAL  RESEARCH  PROGRAM  S.E.  ASIA 
Task  00,  Tropical  and  Subtropical  Military  Medical  Research 
Work  Unit  048,  Rickettsial  diseases  of  man  and  animals 

Investigators. 

Principal:  Vlchal  Sankasuwan,  Major  MC,  RTA* 

Premthavi  Bodhidatta,  Flight  Lieutenant  MC 

Associate:  Richard  A.  Grossman,  Major,  MC 

Cheodchai  Chuenchltra,  B.Sc.  [Med  Tech] 
Bupha  Maneteae,  B.Sc.  [Med  Tech] 


Survey  of  Rickettsial  Diseases  in  Thailand 

Principal  Investigators:  Vlchal  Sankasuwan,  Major  MC,  RTA* 

Premthavi  Bodhidatta,  Flight  Lieutenant  MC 
RTAF** 

Associate  Investigator:  Richard  A.  Grossman,  Major,  MC 

Assistant  Investigators:  Cheodchai  Chuenchitra,  B.Sc.  [Med  Tech] 

Bupha  Manetese,  B.Sc.  [Med  Tech] 


OBJECTIVE:  To  determine  the  distribution  and  seasonal  variation  of 
Q- fever  and  spotted  fever  group  rlckattsiae  at  Lopburi;  Identify 
arthropod  vector[s],  mammal  reservoirs  and  alternate  hosts [s] ;  serve 
as  consultative  laboratory. 

DESCRIPTION:  Search  is  being  made  for  evidence  of  Coxiella  burnetl 
and  spotted  fever  infections  in  man  and  rodents  at  Lopburi,  central 
Thailand.  Standard  rickettsial  identification,  isolation  and  sero¬ 
logic  techniques  are  being  used. 

PROGRESS:  Trips  to  Lopburi  were  made  in  December,  1970  [winter 
season]  and  March  1971  [simmer  season].  Six  strains  of  Coxiella 
burnetl  had  previously  been  isolated  from  trapped  bamboo  rats 
[Bandicota  Indies]  in  Lopburi,  In  December,  2  £.  burnetl  were 
isolated  from  61  £.  Indies  *nd  7  sera  were  positive  to  Q-fever 


*  Chief  Investigator  [Thai  Component] 

**  Investigator,  Division  of  Resasrch  [Thai  Component] 


OF  antigen.  No  spotted  fever  rickettsiae  were  recovered  and  2  sera 
were  positive  to  spotted  fever  group  CF  antigen  in  these  bandicoots. 
In  March,  79  JJ.  indica  were  trapped.  Isolation  results  are  pending; 
16  of  the  sera  were  CF  positive  [Q-fever];  no  spotted  fever  agents 
were  isolated  and  2  sera  were  CF  positive  [spotted  fever  group].  No 
isolations  or  positive  sera  were  obtained  for  either  CF  or  spotted 
fever  group  in  6  Rattua  rat t us  trapped  in  December  and  17  trapped 
in  March, 

A  total  of  106  Hemophysalis  and  Aablyoama  ticks  were  removed  from 
these  rats.  Results  are  Bending  on  rickettsial  isolation  attempts 
from  these  arthropods. 

A  total  of  150  sera  were  collected  from  people  living  in  and  around 
the  study  areas.  Results  are  pending  on  rickettsial  serology. 
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Psychiatric  Evaluation  of  North  Thai-Lua1  People  and  How  this  Evaluation 
Is  Influenced  by  Experience  and  Culture  of  the  Observers 

Phon  Sangsingkeo,  M.D. 

Chira  Sitasuwan,  M.D. 

Pricha  Singhara),  M.D. 

Marvin  H.  Firestone,  M,D.,MAJ#  MC 
Jonathan  J.  Russ,  M,D.#  MAJ,  MC 

Utaiwan  Pongsukree,  M.D. 

Apakorn  Kuntatun,  M.D. 

Kriangsak  Rittaporn,  M.D. 

Tien  Jaiboonma,  M.D. 

Umneuy  Srlroongroj,  M.D. 

Sanchai  Bunlungpoh,  M.D. 

Vivat  Chavengchaiyong,  M.D. 
Surasak  Laosuwan,  M.D. 

Sirlwat  Sothornwlt,  M.D. 

Winaisuk  Kattipattanapongse,  M.D. 

Boonarb  Panpanya,  P.H.N. 

Chinda  Witayarut,  P.H.N. 

Aporn  Surintramont,  B.A. ' 

Vacharee  Jan-Aiem 


I 

1.  To  psychiatrlcally  study  in  further  detail  a  segment  of  a  1 

predominantly  Lua*  and  North-Thai  lowland  urban  community  in  Amphoe 

/lae  Sariang.  Changwat  Mae  Hong  Son,  where  a  previous  survey  had 
identified  individuals  with  severe  psychiatric  illness; 

2 .  To  study  transcultural  influences  on  the  psychiatric  evaluation 
of  tills  segment  of  the  population; 

3.  To  study  the  effects  of  training  and  experience  in  psychiatric 
field  research  on  a  group  of  third  and  fourth  year  Chiang  Mai  University 
medical  students; 

4.  To  study  the  influence  of  the  effectual  reaction  medicai  student 
observers  experienced  during  interviews  on  diagnoses  they  offered; 


Principal  Investigators: 


Associate  Investigators: 


Assistant  Investigators: 


QPJEQIIVEff: 
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5.  To  provide  to  medical  students  experience  in  doing  psychiatric 
field  research  and  to  introduce  them  to  a  standardized  mental  status 
interview  schedule; 

6.  To  acquaint  3EATO  Medical  Research  Laboratory  investigators 
with  problems  and  techniques  in  psychiatric  field  research  in  rural 
Northern  Thailand; 

7.  To  assess  the  effects  of  doing  extensive  psychiatric  interviewing 
on  the  community. 

DESCRIPTION;  A  previous  cooperative  research  project  surveying 
disease  morbidity  and  culture  in  the  Mae  Sariang  area  was  accomplished 
under  the  coordination  of  LTC  Harry  C.  Holloway,  MC.  At  that  time  a 
survey  accomplished  by  Dr.  Pricha  Singharaj  found  a  number  of  members 
of  the  community  identified  as  having  psychiatric  illness  by  the  heads  of 
their  households.  Nc  details  were  obtained  regarding  the  psychiatric 
illness,  but  responses  indicated  a  prevalence  of  2,8%  in  the  segment  of 
the  population  surveyed. 

Mae  Sariang  District  has  a  population  of  50,000,  30,000  of  whom  are 
hill  tribes;  80%  of  the  hill  tribes  are  Karen  and  8%  are  Lua'.  Mae  Sariang 
town  has  a  high  percentage  of  Lua*  emigrees.  The  town  is  located  west  of 
Chiang  Mai  and  can  be  reached  by  plane  or  via  road  through  the  moun¬ 
tains  from  Chiang  Mai.  Located  in  Mae  Sariang  town  is  a  local  health 
facility  run  by  th8  Thai  government,  a  Christain  Mission  Medical  Unit, 
a  Buddhist  monk  who  acts  as  a  lay  healer,  a  Catholic  missionary  who 
acts  as  a  medical  liaison  to  his  mission  hospital  in  Chiang  Mai,  and 
an  Australian  missionary  nurse. 

Two  Thai  psychiatrists,  two  American  psychiatrists,  and  ten  medical 
students  from  Chiang  Mai  University  Medical  School  interviewed  the 
subjects  who  were  identified  as  being  psychiatrically  ill  by  the  previous 
SEATO  Lab  study.  Control  subjects  were  also  interviewed;  one  selected 
from  the  same  household  and  two  from  adjacent  households.  Selection 
of  the  control  subject  in  the  same  household  was  decided  first  on  sex, 
second  on  age,  third  on  place  in  sibship.  Control  subjects  from  the 
adjacent  households  were  selected  on  the  basis  of  the  same  criteria, 
plus  the  necessity  that  they  be  from  the  same  ethnic  background. 

Prior  to  the  data  collection  phase,  the  medical  students  were  trained  in 
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caving  a  standardized  Spitzar  Mental  Status  Schedule  interview  at 
Suan  Prung  Hospital,  Chiang  Mai#  The  Spitzer  Mental  Status  Schedule 
was  translated  into  North-Thai  language  in  preparation  for  the  data- 
collection  interviews . 

Before  training,  the  medical  students  were  given  a  questionnaire  to 
test  their  knowledge  and  attitudes  in  the  areas  of  psychiatry,  research, 
and  knowledge  of  the  Mae  Sariang  region.  They  were  again  given  this 
questionnaire  after  data  collection  in  order  to  assess  any  changes 
resulting  from  their  experiences  during  the  project.  Anonymity  of  the 
participating  medical  students  in  answering  these  questionnaires  was 
maintained  throughout  the  project. 

PROGRESS:  Data  as  reported  in  the  previous  Annual  Report  has  been 
ordered,  and  analysis  of  several  of  the  data  has  been  completed  during 
this  year.  Write-up  of  data  and  publication  is  anticipated  during  the 
coming  fiscal  year. 

SUMMARY:  A  transcultural  psychiatric  study  of  a  segment  of  a 
predominantly  North-Thai  Lua'  community  was  accomplished  utilizing 
North  Thai  medical  students,  Thai  psychiatrists,  and  American  Psychia¬ 
trists.  Comparisons  of  diagnoses  and  recommended  treatment,  and 
correlation  with  the  results  of  standard  mental  status  examinations 
and  psychological  tests  were  made.  Analysis  and  write-up  for  publica¬ 
tion  will  be  completed  during  the  next  fiscal  year. 


Drug  Abuse  in  Servicemen  and  Dependents 

Principal  Investigator:  Marvin  H.  Firestone,  M.D. 

Major,  MC 

Associate  Investigator:  SFC  Verl  M .  Lackey 

I 

OBJECTIVES  AND  DESCRIPTION:  We  have  been  initiating  steps  to 
develop  a  drug  abuse  research  program  in  Thailand,  and  three  segments 
of  the  population  have  been  considered  for  study.  Meetings  have  been 
held  with  the  key  personnel  who  would  share  the  responsibility  for  such 
a  study  in  their  respective  communities. 

(1)  The  Provost  Marshal  at  the  JUSMAG  and  the  GI  of  SUPTHAI; 

(2)  The  Commanding  Officer  and  Chief  of  Psychiatry  at  the 
U.So  Army  Hospital; 

(3)  The  school  authorities  at  International  School,  Bangkok,  where 
about  90'%  of  the  military  school-age  dependents  attend  classes. 

All  of  these  personnel  are  interested  in  cooperating  with  us  in  research 
efforts  that  might  include  a  systematic  survey  of  their  particular 
segment  of  the  population.  With  JUSMAG  and  SUPTHAI,  we  would  be 
working  mainly  with  lav/  enforcement  agencies  such  as  CID;  with  the 
Army  Hospital,  we  would  be  dealing  mainly  with  the  clinic  population; 
and  with  the  school  population,  the  military  dependents. 

Any  research  that  we  do  here  would  be  complementary  and  supplementary 
to  work  being  conducted  by  the  Division  of  Neuropsychiatry  at  WRAIR. 
This  research  would  contribute  to  understanding  of  the  drug  problems 
which  occur  in  an  overseas  environment.  Some  of  the  questions  which 
we  will  attempt  to  answer  are  (1)  what  drugs  are  being  abused,  and  in 
what  quantity,  and  by  whom?(2)  what  are  the  psychological  and  socio¬ 
logical  variables  which  correlate  with  or  contribute  to  drug  abuse? 

(3)  what  factors  appear  to  correlate  with  lack  of  drug  use  (i.e.,  how  do 
users  and  non-users  of  drugs  differ?)  (4)  what  suggestions  can  be  made 
to  others  who  would  treat  drug  abusers  ?(5)  what  factors  have  contributed 
to  the  success  or  failure  of  drug  treatment  programs?  The  ultimate  goal 
of  all  work  in  this  area  would  be  to  develop  a  body  of  knowledge  which 
will  permit  adequate  command  and  medical  response  to  drug  usage, 


a  response  which  will  decrease  ineffective  performance  and  human 
suffering. 

COMMENT:  One  of  the  major  problems  which  has  retarded  progress  in 
the  development  of  this  project  is  inadequate  staffing.  Due  to  the 
departure  of  a  Medical  Corps  Officer  without  another  officer  assigned 
to  replace  him,  we  have  been  hesitant  to  embark  on  a  long-term  study 
of  drug  abuse.  It  is  anticipated  that  the  assignment  of  a  research 
psychologist  will  be  accomplished  by  the  latter  part  of  this  fiscal  year. 
This  addition  to  the  staff  will  enable  us  to  initiate  a  long-term, 
multi-faceted  program  of  research  into  drug  abuse  in  Thailand.  We  have, 
instead  attempted  to  elicit  the  cooperation  and  participation  of  the 
personnel  working  closely  with  the  populations  under  consideration, 
in  order  to  develop  several  independent  studies.  The  Department  of 
Neuropsychiatry  has  been  acting  as  coordinator  and  has  provided 
consultation  to  projects  developed,  in  exchange  for  access  to  and 
utilization  of  any  data  collected  in  such  studies . 

PRQSSESSi 

(1)  Starting  1  October  1970  arrangements  were  begun  with  the 

U.S.  Diplomatic  Mission  Medical  Unit  and  U.S.  Army  Hospital,  Bangkok, 
to  evaluate  patients  with  drug  usage. difficulties.  Patients  referred  to 
us  from  these  sources  are  evaluated  by  the  Spitzer  Mental  Status  Examina¬ 
tion  to  help  determine  factors  relating  to  drug  usage. 

(2)  Two  technicians  and  three  nurses  have  been  trained  in  the 
administration  and  interpretation  of  the  Spitzer  Mental  Status  Examina¬ 
tion. 


(3)  A  library  of  books,  journals,  and  reprints  devoted  to  drug  abuse 
research  has  been  started  in  the  Department  of  Neuropsychiatry  as  a 
source  of  reference  materials . 

(4)  Additional  files  are  being  kept  of  (a)  clippings  from  newspapers 
reflecting  governmental  policies  and  actions  (including  local,  national, 
and  international  agencies)  toward  drug  abuse;  and  (b)  reports  of  research 
projects  which  have  been  planned  or  conducted  by  various  agencies  and 
which  provide  information  on  the  prevalence  and  the  social  and  psycho¬ 
logical  variables  related  to  drug  usage  and  abuse. 
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(5)  Consultation  and  cooperation  has  been  sought  with  the 
Department  of  Pathology  and  Department  of  Biochemistry  regarding  urine 
and  serum  analyses  for  chemical  determination  of  drug  use  among 

examinees. 

(6)  With  the  cooperation  of  psychologists  at  International  School, 
Bangkok,  a  survey  of  the  high  school  population  was  accomplished  in 
March,  1971.  This  survey  has  attempted  to  determine  the  extent, 
pattern  of,  and  reasons  for  drug  abuse  in  this  population.  The  data  are 
currently  being  analyzed.  Analysis  will  be  completed  in  the  next  few 
months.  Much  effort  and  time  was  necessary  to  design  and  administer 
the  questionnaire.  A  cooperative  arrangement  to  provide  consultation 
services  to  the  school  staff  required  additional  professional  time. 

(7)  Consultation  with  I3B  students  and  active-duty  soldiers  to 
aid  in  understanding  the  psychiatric  aspects  of  drug  abuse  has  been 
accomplished  throughout  the  period  covered  by  this  report. 

(8)  We  have  been  consulting  with  the  JUSMAG  Surgeon,  the  Air  Force 
Psychologist  at  Korat,  the  psychiatric  staff  at  the  U.S.  Army  Hospital, 
and  the  physician  and  social  work  staff  at  Camp  Samae  San. 

(9)  We  are  currently  making  arrangement  for  computer  support  to 
aid  in  statistical  analysis  of  data  collected  in  future  studies. 
Arrangements  have  been  made  for  the  utilization  of  key-punchers  and 
verifiers  at  the  Thailand  School  of  Public  Health.  Other  necessary 
equipment  has  been  placed  on  order. 

(10)  Additional  sui  vey  questionnaires  are  in  the  development  phase, 
These  will  aid  us  in  determining  the  extent  of  drug  abuse  in  Thailand  in 
both  the  American  and  Thai  communities.  Both  urine  and  blood  analysis 
will  be  utilized  in  any  such  surveys,  which  will  aid  in  the  assessment 
of  the  validity  of  examinee  responses. 

SUMMARY:  A  formal  drug  research  program  has  been  initiated  in 
Thailand.  At  this  time  a  survey  of  ISB  (dependent)  children  has  been 
completed  to  determine  patterns  of  drug  use.  A  great  deal  of  time  is 
currently  being  utilized  making  area  contacts  and  developing  the  tools 
for  a  broad  drug  research  program.  It  is  anticipated  that  a  wide  range  of 
areas  will  be  investigated  during  the  coming  fiscal  year. 
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Community  Attitudes  Towards  Chronic 
Schizophrenic  Patients  in  Thailand 

Principal  Investigators:  professor  Phon  Sangsingkeo,  M.D. 

Harry  C.  Holloway,  M.D. ,  LTC,  MC 
Jonathan  J.  Russ,  M.D.,  MAJ,  MC 
Chantana  Sukavajana,  M.D. 

Associate  Investigators:  Boonarb  Panpanya,  P.H.N. 

Cherdchalong  Sivasomboon,  R.N. 

Sukree  Tumrongrachaniti,  R.N. 

Chinda  Witayarut,  P.H.N. 

Ladda  Srithumma,  R.N. 

e 

OBJECTIVE:  To  describe  and  analyze  the  interaction  of  the  hospital,  the 
rural  community,  and  the  mental  patient  in  Thailand  with  the  goal  of 
understanding  how  social  institutions  influence  the  rehabilitation  of  the 
chronically  disabled  patient;  and  within  this  overall  objective,  to  study 
that  portion  of  interactions  occurring  within  and  under  the  control  of 
SSrithunya  Hospital,  Nonthaburl,  Thailand. 

DESCRIPTION:  Srithunya  Hospital  is  a  large  (approximately  2,000  bed) 
psychiatric  hospital  located  in  Nonthaburl,  about  six  miles  north  of 
Bangkok.  It  is  the  largest  of  five  public  psychiatric  hospitals  in 
Thailand,  and  treats  a  disproportionate  number  of  patients  diagnosed 
as  "schizophrenic11  (an  estimated  40%  of  all  admitted  schizophrenic 
patients  in  Thailand  are  admitted  to  Srithunya) . 

Methods  applied  to  understanding  the  organization  of  this  hospital 
include:  collection  of  documents,  interview  of  staff  members,  obser¬ 
vation  of  procedures  and  conferences,  and  administration  of  appropriate 
questionnaires.  8pecial  attention  is  given  to:  admission  procedures, 
ward  assignment,  method  of  diagnosis,  treatment,  record-keeping, 
changes  in  ward  assignment,  staffs  concepts  of  mental  illness, 
discharge  decisions,  and  community  relations. 

The  theoretical  model  used  is  based  on  the  work  of  A.K.  Rice.  An 
institution  is  seen  as  acting  upon  raw  materials  in  such  a  way  as  to 
produce  a  product.  There  are  Inputs  (in  this  case  we  are  mainly  con¬ 
cerned  with  admitted  patients) ,  primary  and  subsidiary  operations  to  be 
performed,  and  outputs  (including  discharged  patients).  There  are  also 
various  constraints  upon  the  successful  performance  of  organizational 
tasks. 
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Srithunya  Hospital  has  four  major  treatment  divisions:  male  inpatient 
section,  female  inpatient  section,  a  rehabilitation  section  (for  males 
only)  and  the  outpatient  department.  Although  these  sections  are  all 
responsible  to  the  director,  the  section  chiefs  have  considerable  autono¬ 
my.  All  four  treatment  sections  share  two  primary  tasks:  (1)  to 
admit  appropriate  patients  from  the  community,  treat  them,  and  discharge 
them  back  to  the  community;  (2)  to  care  for  those  patients  who  cannot 
be  returned  to  the  community. 

The  hospital  also  has  an  industrial  section  (which  has  as  its  primary 
task  the  production  of  low-cost  hospital  beds  to  be  sold  to  other  insti¬ 
tutions),  maintenance  and  support  sections,  and  a  director.  Although 
the  Job  of  the  director  has  many  important  internal  functions,  the  main 
tasks  of  the  office  involve  the  relationship  of  the  hospital  with  other 
organizations  (including  the  immediate  community  and  the  Thai  medical 
and  financial  establishments) . 

The  workload  of  Srithunya  has  increased  markedly  during  the  past  ten 
years.  Admissions  between  2502  and  2512  B.E.  (1959-1969  A. D.) 
increased  by  over  200%,  and  outpatient  visits  and  re-admissions 
Increased  about  500%  each  during  the  same  period.  During  this  time 
the  physician  staff  only  doubled.  The  large  ratio  of  professional  staff 
size  to  patient  load  constitutes  a  serious  constraint  upon  the  successful 
performance  of  the  hospital's  primary  tasks.  Other  constraints  include: 
attendant  staff  of  limited  training,  inadequate  funds  and  equipment,  and 
the  necessity  of  conforming  to  the  requirements  of  the  nation's  culture 
(religion,  language,  belief,  customs). 

Srithunya  was  found  to  be  a  successful  organization  in  that  it  performs 
its  primary  tasks  both  successfully  and  efficiently.  Considering  the 
severely  Impaired  status  of  the  patients  admitted  it  has  a  remarkably 
low  retention  rate  (less  than  10%  of  patients  remain  in  the  hospital 
over  one  year) . 

PROGRESS:  During  the  period  of  this  report  attention  was  given  to  the 
short-term  prognosis  of  chronic  schizophrenic  patients.  Twenty  male 
and  eighteen  female  chronic  schizophrenic  patients  who  were  admitted 
to  Srithunya  Hospital  during  a  four-week  period  were  followed  using 
standard  techniques  of  mental  status  examination  and  psychological 
testing.  Special  attention  was  given  to  the  influence  of  social  and 
treatment  factors  on  the  length  of  hospitalization.  This  work  augments 
data  on  the  organizational  analysis  of  Srithunya  Hospital  obtained 
previously  (see  earlier  Annual  Reports) . 
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Information  was  also  collected  pertaining  to  modality  of  treatment  given, 
accuracy  of  predictions  of  the  patients'  stay  in  the  hospital  made  by  the 
patients'  relatives  and  hospital  staff,  and  condition  of  the  patient  prior 
to  admission  (obtained  by  history  given  by  the  responsible  relative) . 

On  3  September  1970,  data  collection  on  all  patients  was  completed. 

On  24  September,  preliminary  plans  for  analysis  were  made.  On  25 
September,  Major  Jonathan  J,  Russ,  principle  investigator,  returr.sd  to 
WRAIR  where  further  analysis  and  write-up  for  publication  will  be  ac¬ 
complished  in  collaboration  with  LTC  Hurry  C .  Holloway  during  this 
fiscal  year. 

SUMMARY;  Tentative  and  partial  results  of  an  organizational  study  of 
Srithunya  Hospital  are  reported.  Special  emphasis  was  given  to  de¬ 
scribing  admission,  treatment,  and  discharge  of  schizophrenic  patients. 
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A  Follow-up  Study  of  Japanese  B.  Encephalitis 
in  Northern  Thailand 

Responsible  Investigator:  Murvin  H.  Firestone,  M.D. 

Major,  MC 

Chief,  Department  of  Neuropsychiatry 
SEATO  Medical  Research  Laboratory 

Principal  Co-Investigators:  Phon  Sangsingkeo,  M.D. 

Jlra  Site suv* an,  M.D. 

Avudh  Srl8ukri,  M.D. 

Pien  Chiowanich,  M.D. 

Prathan  Voodhibul,  M.D. 

Prlcha  Singharaj,  M.D. 

OBJECTIVES:  The  study  is  designed  so  that  answers  to  the  following 

questions  were  approached: 

a.  How  many  cases  of  Japanese  B.  Encephalitis  presented  as  acute 
psychoses  to  the  major  psychiatric  hospital  in  the  Chiang  Mai  area? 

How  are  these  cases  evaluated  and  to  whai  extent  was  there  misdiag¬ 
nosis  to  these  cases? 

b.  What  are  the  mental  status  changes  in  the  encephalitis  convales 
cent  cases?  How  do  these  mental  status  changes  affect  the  functioning 
of  the  convalescent  patient,  and  what  is  the  progression  of  recovery, 
extent  of  recovery,  and  duration  of  abnormalities  in  the  convalescent 
encephalitis  patient? 

c.  What  are  the  nature  of  the  EEG  changes  in  convalescent  enceph¬ 
alitis  patients?  W'hat  is  the  duration  of  these  changes? 

d.  What  are  the  nature,  duration,  and  progression  of  improvements 
in  neurological  deficits  manifested  by  convalescent  encephalitis 
patients? 

e.  What  antibody  titer  changes  occur  in  the  convalescent  encepha¬ 
litis  patient?  Are  there  any  correlations  between  these  changes  and  the 
clinical  changes  in  the  convalescent  encephalitis  patient? 

f.  What  is  the  effect  and  reaction  of  home  environment  on  the  con¬ 
valescent  encephalitis  patient?  How  does  the  homo  environment 
influence  the. behavior  of  the  convalescent  encephalitis  patient? 
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g.  What  is  the  effect  and  reaction  of  school  (job)  environment  on 
the  convalescent  encephalitis  patient?  How  does  the  school  (job) 
environment  influence  the  behavior  of  the  convalescent  encephalitis 
patient? 

DESCRIPTION:  In  the  1969  encephalitis  epidemic  in  Northern  Thailand, 
several  hundred  cases  of  encephalitis  were  reported  of  which  20-25% 
died.  Of  the  surviving  convalescent  cases,  less  than  20  were  followed 
for  any  significant  length  of  time.  After  reviewing  these  cases  several 
tentative  impressions  were  offered  by  Chiang  Mai  physicians: 

1 .  return  to  school  (job)  at  an  early  stage  of  convalescence 
seemed  to  be  associated  with  more  rapid  improvement  in  psychological 
as  well  as  neurological  symptoms,* 

2.  when  the  symptoms  of  encephalopathy  abated  in  adult  patients, 
agitated  depressive  symptoms  often  followed; 

3.  among  children,  the  disturbing  patterns  of  motor  deficiency 
(spasticity  and  rigidity),  dyslexia,  dysarthria,  memory  defects , 
blocking  of  speech,  temper  tantrums,  retardation,  emotional  lability 
and  nightmares  were  common. 

4.  the  E.E.G.  changes  were  typical  of  any  encephalitis,  and 
these  abnormal  patterns  persisted  much  longer  than  clinical  signs  and 
symptoms. 

Ecological  studies  of  Japanese  B.  Encephalitis  as  reported  in  other  parts 
of  this  report  were  in  the  planning  phases  at  the  time  this  project  was 
considered.  The  study  of  the  clinical  aspects  of  the  acute  encephalitis 
during  hospitalization,  as  well  as  a  follc’v-up  of  the  sequelae  of  this 
illness  were  felt  to  be  an  important  aspect  of  the  complete  surveillance 
of  this  disease  in  the  Northern  Thailand  area.  The  Department  of 
Neuropsychiatry  was  particularly  interested  in  studying  the  neuropsy¬ 
chiatric  complications  in  this  disease  and  we  were  fortunate  in 
developing  a  cooperative  study  with  the  major  Northern  Thailand 
hospitals  to  accomplish  this  survey. 

PROGRESS:  Excellent  cooperation  was  obtained  from  the  local  medical 
and  lay  community  in  doing  this  clinical  survey.  Therefore,  we  were 
successful  in  following  approximately  111  confirmed  cases  of  enceph¬ 
alitis  in  the  Chiang  Mai  area  utilizing  both  home  interviews  by  field 
team  as  well  as  return  follow-up  physical  examinations,  including 
E.E.G. ,  mental  status  examinations,  psychometric  testing  and  complete 
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neurological  examinations  during  each  follow-up  visit. 

Auxiliary  data  has  also  been  obtained  on  the  follow-up  patients  by 
interviewing  teachers  and  employers  of  the  patient  at  the  school  and 
place  of  work. 

Presently  the  study  is  still  in  the  data  collection  phase.  Some  of  the 
data  collected  during  the  acute  phase  of  hospitalization  has  been 
partially  analyzed.  It  is  planned  that  the  complete  analysis  of  the  data 
will  begin  during  the  latter  part  of  this  fiscal  year.  The  following  is  a 
Breakdown  oi  the  progress  made  during  this  fiscal  year  in  each  of  the 
work  areas  of  the  project. 

Physical  and  Neurological  Examinations 
Acuie  Illness: 

During  the  fiscal  year  under  consideration  in  this  report,  195  cases  of 
suspected  encephalitis  were  admitted  to  the  four  general  hospitals 
cooperating  In  the  study  (Chiang  Mai  University  Medical  Center  -  79; 
McCormick  Hospital  -  60;  Lamphun  Provincial  Hospital  -  23;  Lampang 
Provincial  Hospital  -  33).  Of  thnse  195  cases,  49  patients  expired 
during  the  acute  phase  and  136  patients  were  discharged  in  an  improved 
condition.  All  of  the  patients  admitted  in  these  four  hospitals  with  the 
suspected  diagnosis  of  acute  encephalitis  received  complete  physical 
and  neurological  examination  by  the  cooperating  physician  investigators 
at  the  various  hospitals.  This  examination  included  assessment  of 
complete  past  and  present  history  of  illness,  general  physical  exami¬ 
nation  including  physical  measurements  and  vital  signs;  general 
appearance  and  systems  examination;  neurological  examination, 
including  tests  for  cerebral  function,  meningeal  irritation,  cranial 
nerves,  cerebellar  function,  motor  system,  sensory  system,  and  reflex 
status.  The  physical  and  neurological  examinations  were  done  at  the 
time  of  admission,  two  weeks  after  admission,  and  at  the  time  of 
discharge  on  all  cases  of  suspected  acute  encephalitis.  All  data  forms 
were  in  both  Thai  and  English,  and  a  standardized  system  of  recording 
results  was  adopted  by  all  of  the  doctors.  Approximately  1620  profes¬ 
sional  man-hours  have  Been  used  to  evaluate  and  record  the  findings 
necessary  for  this  aspect  of  the  survey  up  to  this  time. 

Tollow-up  Data  Collection: 

During  the:  acute  phase  111  serologically  confirmed  cases  of  encepha¬ 
litis  were  followed  at  intervals  of  one  month  during  the  first  three 
months,  two  months  during  the  next  four  months  and  three  months 


8S9 


throughout  the  remainder  of  the  one  year  fol^w-up  after  discharge  from 
the  hospitai.  If  the  patient  was  discharged  from  either  Chiang  Mai 
University  Medical  Center,  Lamphun  Provincial  Hospital,  or  Lampang 
Provincial  Hospital,  he  received  his  follow-up  examinations  at 
Chiang  Mai  University  Medical  Center.  If  he  was  discharged  from 
McCormick  Hospital  he  would  be  examined  by  the  Chief  Pediatrician  of 
McCormick  Hospital  during  follow-up  examinations.  Follow-up  exami¬ 
nation  includes  an  inter  al  history  taken  by  the  physician  and  a  repeat 
physical  and  neurological  examination  which  is  recorded  on  the  stand¬ 
ardized  forms  maintained  from  his  hospitalization.  Duplicate  copies  of 
all  examinations  are  kept  in  file  at  the  Department  of  Neuropsyc’datry 
office  established  on  the  Pediatric  Ward  of  Chiang  Mai  University 
Medical  Center. 

E » E  t  G . 

Acute  Illness: 


An  electroencephalogram  was  done  on  all  admitted  cases  suspected  of 
having  acute  encephalitis  during  the  hospitalization  period.  O -.'or  100 
EEG  records  were  done  during  this  period  and  the  abnormal  records 
could  be  classified  into  five  patterns. 


Pattern  I:  This  is  the  largest  group;  this  pattern  was  found  in 

approximately  30%  of  the  patients  evaluated  during  the 
acute  phase.  The  record  has  the  slow  background  activity 
of  4-6  cycles  per  second,  intermixed  with  large  slow 
waves  of  higher  amplitude.  This  pattern  was  seen  through¬ 
out  the  record,  but  locally  in  some  of  the  records. 

Pattern  II:  This  is  the  second  largest  group.  The  EEG  showed 

generalized  large  slow  waves  of  very  high  voltage.  The 
electrical  frequency  is  1  1/2  to  3  cycles  per  second, 
amplitude,  200-300  micro  volts.  There  was  asymmetry  of 
the  records  in  some  cases.  Twenty  percent  (20%)  of  the 
patients  were  found  to  ha*  e  this  type  of  record. 


Pattern  III:  There  were  approximately  10%  showing  this  pattern  of  fopal 
or  generalized  sharp  wave  or  spike-like  activity.  This 
abnormality  was  mainly  seen  in  generalized  form. 

Pattern  IV:  Four  percent  (4%)  of  the  total  patients  studied  during  the 

acute  phase  were  found  to  have  this  abnormal  record, 
which  is  a  mixture  of  large  slow  wave  and  sharp  wave  or 
a  spike-like  activity. 
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Pattern  V:  Five  percent  (5%)  of  the  patients  were  classified  in  tuis 

group.  The  record  has  a  burst  of  large  slow  waves  inter¬ 
rupted  by  a  flattened  record. 

Approximately  1/3  of  the  suspected  cases  of  encephalitis  showed  normal 
EEG  during  the  acute  phase  of  the  illness.  Study  numbers  of  all  cases 
were  correlated  with  the  EEG  patterns.  Of  the  cases  of  suspected 
encephalitis  on  whom  PEG  were  done  during  the  acute  phase,  approxi¬ 
mately  72%  of  those  on  which  serologies  v/ere  done  showed  positive 
titers  for  Japanese  B.  Encephalitis  virus.  It  is  clear  now  that  the 
abnormal  patterns  in  the  cases  of  positive  serology  for  Japanese  B.  virus 
are  mainly  in  patterns  I  and  II,  which  indicate  a  generalized  involvement 
of  the  brain  in  tne  cases  of  acute  encephalitis. 

Follow-up  Data  Collection: 

During  each  follow-up  examination  visit,  an  slectro  :ephalogram  is 
done.  Results  of  the  electroancephalographic  readings  are  presently 
being  ordered  and  analyzed.  These  are  expected  to  be  reported  during 
the  next  fiscal  year,  along  with  other  data  collected  during  the  follow¬ 
up  phase. 

Mental  Status  Examination 
Acute  Illness: 

Mental  status  examination  was  done  by  the  Director  of  Suan  Prung 
Psychiatric  Hospital  on  all  patients  suspected  of  having  acute  encepha¬ 
litis  during  their  period  of  hospitalization.  Report  was  made  of  the 
patient's  general  appearance,  consciousness,  speech,  affect,  mood, 
thought  process,  thought  content,  perception,  memories,  judgment, 
and  insight.  Most  commonly  found  during  acute  illness  was  disorien¬ 
tation,  apathy,  lack  of  insight,  and  blocking  of  speech.  All  mental 
status  examinations  were  accomplished  either  in  the  general  hospital,  or 
at  Suan  Prung  Psychiatric  Hospital. 

Follow-up  Data  Collection: 

Mental  status  examinations  are  done  on  all  cases  of  convalescent 
encephalitis  at  Suan  Prung  Psychiatric  Hospital  by  our  cooperating  Thai 
psychiatrist  as  part  of  the  follow-up  examination. 

The  results  of  the  menial  status  examinations  during  follow-up  have  not 
been  analyzed,  and  wili  be  reported  in  the  future. 
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Psychometric  Testing 
Acute  Illness: 

Psychometric  data  were  collected  on  approximately  100  patients  during 
the  acute  phase  of  the  illness.  Testing  was  carried  out  by  five  psycho¬ 
logists  at  the  Suan  P'ung  Hospital.  Adults  were  administered  (1)  the 
Zung  test  for  the  measurement  of  depression;  (2)  the  Bender  Gestalt 
Visual  Motor  Te  (3)  the  Performance  Sub-Tests  from  the  WAIS;  and 
(4)  the  Organic  Integrity  Test  to  measure  subjects'  tendency  to  solve 
problems  by  ''immature''  color  matching.  For  children  the  Goodenough 
Draw-a-Man  test  was  substituted  for  the  Zung  test. 

Gener-j  findings  indicated  disturbances  of  two  main  types;  (1)  sub¬ 
jects  m.nibited  passive,  hypokinetic  motor  activity  and  clouding  of 
consciousness.  This  group  was  also  negativistic,  and  showed 
regressive  behavior  such  as  crying;  and  (2)  hyperkinetic  subjects, 
who  showed  impulsive,  agitated,  aggressive  behavior.  Self- 
depreciaticn  and  destructive  behavior  in  this  group  was  common. 

Follow-up  Data  Collection: 

Test  scores  have  also  been  collected  at  the  time  each  patient  returns  to 
the  hospital  for  follow-up  visits  (6  per  year).  These  data  ard  still 
being  collected. 

Analysis  of  these  data  is  expected  to  commence  in  June  1971. 

In  addition,  the  psychologists  plan  to  continue  collecting  psychometric 
data  on  all  new  acute  encephalitis  patients  admitted  to  the  hospital 
during  the  1971  rainy  season. 

Field  Team 

A  field  team  consisting  of  two  public  health  nurses  and  a  driver  visited 
homes,  places  of  employment,  and  schools  to  conduct  interviews  to 
assess  the  post-hospitalization  course  of  the  patients  in  these  envi¬ 
ronments.  After  the  patients  are  discharged  from  the  hospital,  the  field 
team  will  have  completed  more  than  500  home  visits  on  the  patients 
who  were  discharged  from  the  four  hospitals  and  more  than  100  visits 
to  schools  and  places  of  employment.  Signs  and  symptoms  that  were 
frequently  reported  during  the  early  phases  of  follow-up  by  the  families 
included  irritability,  memory  difficulties,  and  tremors. 


During  home  visits  it  was  noted  by  the  public  health  nurses  that  most  of 
the  patients  with  encephalitis  came  from  poorer  families,  Jived  ail 
together  in  small  bed  rooms,  and  sometimes  did  not  have  enough  mos¬ 
quito  nets.  Some  of  the  cases  reported  that  they  stayed  up  late  at 
night  watching  their  farms  and  live-stock. 


It  was  further  reported  that  the  encephalitis  seemed  to  be  spread  over  a 
large  geographic  area  rather  than  many  Cu-es  in  each  village.  The 
following  is  a  break-down,  geographically,  of  the  cases  admitted  to  the 
four  cooperating  hospitals: 


Chiang  Mai  Province:  60  cases.-  with  the  highest  number  reported 

from  Amphur  Muang,  and  Amphur  Dol  Saket 

Lamphun  Province:  25  cases,  the  largest  number  coming  from 

Amphur  Muang 


Lampang  Province:  25  cases,  the  largest  number  coming  from 

Amphur  Muang 


Chiang  Rai  Province:  2  cases 


The  low  number  of  cases  reported  from  Chiang  Rai  indicates  merely  the 
way  in  which  cases  were  selected  for  this  study.  The  majority  of  cases 
from  Chiang  Rai  Province  were  admitted  to  the  provincial  hospital  in 
Chiang  Rai,  which  was  not  one  of  the  cooperating  hospitals,  and 
therefore  the  low  number  of  cases  reported  in  our  study  does  not  reflect 
the  actual  number  of  cases  from  this  province. 

At  the  time  of  discharge  from  the  hospital,  there  were  different  recom¬ 
mendations  to  the  families  regarding  the  time  to  return  to  school  or 
work,  in  an  attempt  to  study  the  influence  of  this  variable  on  the  con¬ 
valescent  encephalitis  patient's  functioning.  The  effect  of  these 
different  recommendations  for  return  to  school  will  be  analyzed  at  the 
completion  of  the  follow-up  study  dv  ring  the  next  fiscal  year.  Data 
acquired  from  the  teachers  and  work  supervisors  during  visits  shortly 
after  the  patients  were  discharged  from  the  hospital,  revealed  the 
following:  The  most  frequent  symptoms  reported  were  poor  school  and 
work  performance,  poor  memory,  decreased  intellect,  slurring  of  speech, 
and  general  irritability.  Further  analysis  of  the  entire  body  of  data 
collected  during  the  follow-up  study  in  the  field  must  await  completion 
of  the  year  of  study. 
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Laboratory  Support 


Serological  testing  including  hemagglutination  inhibition  tests  and  compli¬ 
ment  fixation  tests  was  done  on  blood  samples  drawn  on  patients  at  the 
time  of  admission  and  two  weeks  after  hospitalization.  Presence  of 
Japanese  Enceph.  iitis  was  determined  if  there  was  a  four-fold  change  of 
antibody  titer  in  the  patient's  serum.  There  were  several  difficulties 
regarding  serological  confirmation  in  tnc.*  20%  of  the  cases  could  not  be 
confirmed  serologically  because  of  either  o 2  the  following  reasons: 

(1)  Failure  to  get  paired  sera  due  to  the  expiration  of  the  patient; 

(2)  Failure  to  get  paired  sera  due  to  misunderstanding  on  the 
patient's  part,  and/or  loss  of  the  second  sample  because  of  the  patient 
not  following  instructions: 

(3)  Failure  to  get  the  first  blood  specimen  early  enough  during  the 
acute  illness,  due  to  late  admission  of  the  patient; 

(4)  Collection  of  the  second  blood  specimen  too  early,  rather  than 
allowing  two  weeks  interval  between  the  first  and  second  blood-letting. 

Despite  difficulties  in  the  collection  of  the  sera,  84%  of  the  sera  sent 
for  serology  testing  were  positive  for  Japanese  Encephalitis.  From  these 
results  we  may  assume:  (a)  clinical  diagnoses  made  by  the  physicians 
were  quite  accurate  and  reliable,  and  (b)  for  the  patients  whose  sera 
did  not  show  a  four-fold  change  in  antibody  titer,  there  may  have  been 
other  possible  agents  causing  their  encephalitis  syndromes. 

Besides  serological  testing,  other  laboratory  diagnostic  procedures  were 
available  to  this  study  through  the  services  of  the  Department  of  Virology 
at  SEATO  Medical  Research  Laboratory.  Virus  isolation  from  brain 
specimens  of  patients  who  had  expired  during  the  acute  phase  were 
attempted,  although  none  were  isolated.  The  negative  results  of  these 
specimens  probably  were  due  to  technical  errors  in  collection,  storage, 
and  transportation  of  the  specimens.  Since  the  viremia  stage  in  man 
is  less  than  a  day  or  two,  the  virus  probably  had  already  died  by  the 
time  the  patient  expired. 

Supervision  and  Coordination  During  Data  Collection  Phase 

Supervision  of  the  entire  project  was  carried  out  by  the  Department  of 
Neuropsychiatry,  including  Major  Marvin  H.  Firestone,  Chief  of  the 


Department;  Dr.  Phon  Sangsingkeo,  Special  Consultant  to  the  SEATO 
Medical  Research  Laboratory  and  Dr.  Pricha  Singharaj,  Public  Health 
Physician  in  the  Department  of  Neuropsychiatry.  Supervision  and 
coordination  were  accomplished  by  spending  alternate  periods  of  time 
in  the  Chiang  Mai  area,  making  arrangements  for  the  study  and  refining 
the  data  collection  procedures  in  the  hospitals  and  field.  Time 
requirements  of  the  supervisors  included  a  total  of  approximately  2,000 
professional  man-hours  during  the  one  year,  A  full-time  secretary- 
clerk  in  the  office  at  Chiang  Mai  University  Medical  Center  was 
utilized  fir  secretarial  services  in  all  aspects  of  the  project. 

SUMMARY;  A  clinical  survey  of  the  cases  of  Japanese  Encephalitis  who 
presented  for  treatment  to  four  large  general  hospitals  and  one  large 
psychiatric  hospital  in  the  Chiang  Mai  Valley  during  the  1970  epidemic 
is  being  accomplished.  This  study  included  hospitalization  and  a 
projected  one-year  follow-up  study  of  the  convalescent  phase.  Facil¬ 
ities  and  staff  of  the  cooperating  hospitals  were  utilized  to  accomplish 
both  aspects  of  the  study-  One  hundred  and  ninety-five  patients  ranging 
from  age  1-69  years  were  studied  during  the  acute  hospitalization 
period,  and  111  cases  of  confirmed  Japanese  Encephalitis  are  being 
followed  for  a  one-year  period  at  home,  school,  and  work  as  well  as 
with  repeat  medical  and  psychological  examinations.  Some  of  the 
findings  during  the  acute  phase  and  early  convalescent  phase  of  the 
illness  are  reported.  The  remainder  of  the  data  will  be  analyzed  during 
the  next  fiscal  year  and  reported  in  the  near  future. 
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23.  (U)  To  investigate  medical  ->■■.1  surgical  problems  in  Vietnam  having  effects  on 
military  activities  of  the  US  A rwr  personnel  and  their  allies.  Special  areas  of  study 
included  trauma,  dermatological  lesions,  plague  and  cholera  surveillance,  enteric 
diseases,  immunological  changes  associated  with  clinical  hepatitis,  and  evaluation  of 
n"v  untimlnr ial  drugs. 

;i. .  (’J)  Standard  epidemiological  procedures  were  used  by  multiple  teams  to  collect 
samples  which  were  tested  in  base  laboratories.  Tests  were  standardized  where 

r  ^>25  1 1  1  ^  « 

2v .  (U)  70  07  -  71  Ol  Surgical  studies  included  research  on  peptic  ulcers  occurring 
in  patients  with  acute  trauma,  injury  patterns  in  helicopter  accidents,  evaluation  of 
vo lume / press ure  resuscitation  for  chest  wounds  and  concomitant  effects  on  oxygen 
transport  and  relief  of  shock.  Medical  research  involved  epidemiology  of  hepatitis, 
er.*eric  diseases  and  general  occurrence  of  disease  in  incoming  and  departing  troops. 

Th-'  role  of  immunological  factors  in  hepatitis  was  studied.  Identification  and 
determination  of  the  role  of  Vibrio  parahemolyticus  in  diarrheal  disease  was  carried 
out.  Testing  of  various  routes  of  administration  of  quinine  in  the  treatment  of 
malaria  and  the  use  of  two  new  experimental  drugs  for  malaria  was  performed.  The 
active  portions  of  these  programs  were  shifted  to  the  US  Army  Medical  Component,  SEATO, 
Medical  Research  Laboratory  Bangkok,  Thailand,  and  the  general  activities  in  Vietnam 
terminated  30  Apr  71.  For  technical  report  see  Walter  Reed  Army  Institute  of  Research 
Annual  Progress  Report,  1.  Jul  70-30  .Jun  71. 
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Task  00,  Tropical  and  Subtropical  Military  Medical  Research 

Work  Unit  304,  Military  medical  research  program  SEA,  United  States  Army 
Medical  Research  Team,  Vietnam 


Investigators: 

Principal:  LTC  Charles  E.  Shields,  MC 

Associates:  Maj  James  A.  Shaw,  ANC;  CPT  Michael  w.  Benenson,  MC; 

CPT  David  A.  Neumann,  MC;  CPT  Joseph  M.  Balio,  MC. 

From  1  July  1970  until  closure  of  the  unit  on  30  Apr  1  1971,  several  programs 
were  completed.  Remaining  projects  were  transferred  to  the  U.  S.  irmy  Medical 
Component,  SEATO,  Medical  Research  Laboratory,  Bangkok,  Thailand.  These 
programs  were  in  three  major  areas:  medicine,  surgery,  and  activities  of  the 
attached  photography  team. 

General  Medical  Research. 

1.  Over  the  past  few  years,  the  continued  occurrence  of  chronic  and  severe 
dermatological  lesions  aggravated  by  climatic  and  environmental  conditions  has 
decreased  the  combat  effectiveness  of  troopc  stationed  in  many  areas.  Previous 
studies  indicated  that  most  lesions  were  mycotic.  Spreading  and  secondary  infec¬ 
tions  were  particularly  prevalent  in  U.  S.  troops  working  in  wo:  fifelrirnomditiiojis, 
which  contrasted  with  the  low  degree  of  pathology  observed  in  local  nationals. 

Since  most  lesions  were  of  mycotic  origin,  a  study  was  established  to  determine 
whether  pretreatment  use  of  griseofulvin  would  prevent  the  pathology. 

Combat  units  were  observed  by  the  team  to  determine  the  pre-test  baseline. 
Active  medication  was  then  given  to  one  group;  placebo  to  another.  Skin  biopsies 
were  taken  over  the  course  of  treatment.  Evaluation  was  not  considered  com¬ 
plete  unless  each  man  completed  at  least  eight  weeks  of  treatment.  Unfortunately, 
it  was  readily  apparent  that  many  individuals  did  not  fully  follow  the  daily  regimen. 

Thus,  after  comparing  the  incidence  of  skin  infection  between  treatment  and 
placebo  groups  and  finding  little  difference,  it  was  not  possible  to  determine  if 
it  was  because  of  a  failure  of  the  drug  or  a  failure  of  the  individual  to  follow  the 
therapy  regimen.  Attempts  to  measure  the  drug  level  in  the  skin  based  on  biop¬ 
sies  were  incomplete,  and,  therefore,  the  study  was  inconclusive  at  tnis  point. 


2.  Diarrheal  disease  was  studied  in  two  programs.  Generally,  diarrhea  oc¬ 
curred  sparaaldbriHy  in  all  types  of  units,  and,  as  expected,  it  was  difficult  to  iso¬ 
late  the  etiologic  agent  or  to  characterize  the  epidemiology.  The  program  was 
designed  to  consolidate  data  obtained  from  patients  from  various  units  while  in 
civilian  and  military  hospitals.  Acute  outbreaks  in  military  units  were  studied 
when  the  occasion  arose.  Association  of  enteric  disease  with  other  illnesses, 
particularly  hepatitis,  was  attempted  as  another  part  of  the  program. 

Unit  Preventive  Medicine  Officers  notified  the  team  of  diarrheal  outbreaks. 
The  mobile  unit  was  then  sent  to  the  area  to  gather  epidemiological  data,  obtain 
samples  for  culture,  and  to  interview  patients. 

Samples  were  processed  by  standard  tests  in  the  Enteric  Lab,  Institute 
Pasteur.  Other  special  tests  as  part  of  the  next  project  were  included.  Despite 
these  efforts,  acute  outbreaks  were  not  shown  to  have  any  definite  pattern,  nor 
to  be  related  to  any  major  public  health  hazard.  The  special  testing  for  hepati¬ 
tis  associated  antigen  (HAA)  became  very  difficult,  as  followup  samples  for  titers 
were  frequently  not  obtained  because  of  troop  movements,  and  the  results  were 
considered  incomplete. 

In  a  second  study,  samples  from  all  types  of  diarrheal  patients  were  rou¬ 
tinely  processed  to  determine  common  enteric  pathogens  as  part  of  the  cholera 
control  program  and  public  health  surveillance.  Because  recent  work  in  the 
Orient,  particularly  Japan,  indicated  that  Vibrio  parahemolyticus  might  be  a  pos¬ 
sible  pathogen,  tests  for  this  organism  were  added  to  the  routine  program,  and 
samples  were  cross-checked  by  the  SEATO  Medical  Research  Laboratory. 

Identification  of  V.  parahemolyticus  required  special  media.  Additional 
tests  of  food,  particularly  fish,  and  water  from  local  wells,  the  Saigon  harbor, 
and  the  South  China  Sea  at  Cam  Ranh  Bay,  as  well  as  tests  on  ice  and  other  sites 
of  food  preparation,  were  examined  for  V.  parahemolyticus. 

Routine  processing  of  the  samples  indicated  the  usual  common  pathogens. 
However,  the  local  native  adult  population  from  the  civilian  hospitals  was  found 
to  have  a  8.  5  per  cent  incidence  of  V.  parahemolyticus.  The  organism  v/as  also 
found  in  two  U.  S.  adults  exhibiting  diarrhea.  Patients  of  the  local  children  s 
hospital  did  not  demonstrate  the  organisms.  Based  on  the  positive  cultures  from 
patients,  it  would  appear  that  V.  parahemolyticus  can  be  a  pathogenic  in  the  Viet¬ 
namese  adult. 

Correlation  with  hepatitis  associated  i  ntigen  studies  was  attempted,  but  re¬ 
sults  are  incomplete. 
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3.  Identification  of  the  hepatitis  associated  antigen  (HAA)  in  patients  with  clin¬ 
ical  icteric  hepatitis  was  carried  out  in  U.  S.  troops  in  major  hospitals  in  the 
Third  Military  Region.  Interviews  were  used  tc  identify  possible  sources,  clar¬ 
ify  the  clinical  disease  pattern,  and  ascertain  possible  cross-relationships,  such 
as  drug  usage,  prior  exposure  to  hepatitis,  blood  products,  etc.  The  samples 
were  also  checked  by  another  method  by  the  U.  S.  Army  Medical  Component 
SEATO  Medical  Research  Laboratory. 

The  study  included  175  patients  from  ,ire  bases,  outlying  units,  and  from 
Saigon  units.  Clinical  history  and  laboratory  findings  were  anlyzed  for  the  acute 
and  recovery  phases. 

The  gel  diffusion  diagnostic  technique  was  used  in  Vietnam,  and  the  posi¬ 
tives  were  confirmed  in  every  instance  by  the  complement-fixation  technique  in 
Bangkok.  The  latter  test  detected  other  positives,  and,  based  on  titer  results,  ap¬ 
peared  to  be  more  sensitive  than  the  gel  test,  A  greater  number  of  positives  was 
found  in  patients  durm0  the  early  part  of  their  clinical  course.  Present  findings 
indicate  a  higher  incidence  of  HAA  positives  than  would  be  anticipated  in  compar¬ 
able  U.  S.  groups.  A  slightly  higher  incidence  of  viral  hepatitis  in  the  Negro  pop¬ 
ulation  was  apparent  when  compared  to  total  population  at  risk,  but  HAA  incidence 
did  not  appear  unusual.  Correlation  with  drug  usage  or  other  infection  sources 
was  minimal. 

4.  A  study  on  the  protection  of  pseudomonas  vaccine  in  battle  casualties  was 
prepared;  however,  the  vaccine  was  not  released  for  use  during  this  period. 

5.  An  assessment  was  made  of  various  forms  of  veneral  disease  reported  by 
soldiers  to  local  dispensaries  and  hospitals.  Unfortunately,  patient  response  was 
tco  erratic  for  adequate  study. 

6.  To  ascertain  the  general  occurrence  of  /arious  diseases  of  interest  in  rhe 
tropics,  over  1000  incoming  and  departing  troops  were  surveyed  by  interview 
and  various  serological  tests.  The  testing  program  involved  several  different 
procedures,  sc-me  performed  by  the  WRAIR  Team  at  the  9th  Medical  Laboratory 
and  at  the  SEATO  Medical  Reseaich  Laboratory,  Bangkok.  This  study  was  trans¬ 
ferred  to  the  SEATO  MRL  for  completion. 

7.  Studies  on  n  iiarta  were  carried  out  In  three  programs  over  the  year.  Two 
concerned  treatment  of  falcijiarum  malaria;  the  third  was  an  anthropological 
study  of  the  native  population  designed  to  relate  malaria  susceptibility  to  biolog¬ 
ical  traits  and  findings. 
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The  approved  treatment  of  relapsed  falciparum  malaria  is  intravenous  ad¬ 
ministration  of  quinine,  together  with  two  other  agents.  The  effectiveness  of 
the  route  of  administration  was  considered  the  basis  for  the  study  comparing  two 
other  forms  of  quinine.  These  were  administered  orally,  as  a  tablet  or  a  capsule. 

Patients  not  considered  too  ill  for  the  study  were  divided  into  three  groups 
by  the  caracal  staff,  and,  based  on  random  choice,  they  received  one  of  the  three 
forms  cf  quinine  therapy.  IXiring  the  ten-day  treatment  period,  those  on  oral 
therapy  who  exhibited  clinical  intensification  or  other  complications  were  changed 
to  intravenous  therapy  and  excluded  from  the  study.  Those  able  to  complete  the 
one  course  were  observed  for  fourteen  days  for  possible  relapse. 

Fewer  than  fifty  patients  completed  the  required  treatment.  Consequently, 
it  was  not  possible  to  demonstrate  differences  between  the  three  regimens  of 
treatment.  There  was  only  one  possible  instance  of  relapse  after  cessation  of 
treatment  The  most  common  problem  involved  in  switching  modes  of  adminis¬ 
tration  \va ,  complaints  of  gastric  symptoms. 

A  special  study  was  undertaken  by  LTC  Craig  J.  Canfield,  MC,  to  test  two 
new  oral  agents  in  treatment  of  falciparum  malaria.  The  patients  tolerated  both 
urugs  well,  and  had  only  four  recrudences  and  one  failure  to  clear  parasites  in 
the  thirty  days  following  treatment  of  fifty-one  patients.  This  recrudescence 
rate  is  equivalent  to  the  present  treatment  with  three  drugs,  but  the- drugs  were 
superior  by  virtue  of  absence  of  side-effects  and  one  of  them  was  faster-acting 
than  standard  therapy. 

Blood  samples  from  local  Vietnamese  and  primitive  tribes  were  correlated 
with  the  prevalence  and  relapse  of  malaria.  As  previously  reported,  the  general 
blood  group  distrioution  pattern  of  the  people  in  Vietnam.  was  different  from  the 
general  U.  S.  troop  distribution.  Incidence  of  malaria  infection  did  not  appear 
to  correlate  with  the  different  blood  groups,  and  susceptibility  to  relapse  or  re¬ 
current  infection  did  not  show  a  relationship  to  blood  groups. 

8.  Public  health  reports  from  the  Long  Binh  post  had  shown  a  mild  increase  in 
encephalitis  cases  which  led  to  a  study  jointly  handled  by  the  WRAIR  Team,  the 
9th  Medical  Laboratory,  the  20tn  Preventive  Medicine  Unit,  and  the  SEA1U  Med¬ 
ical  Research  Laboratory  in  Bangkok.  Serological  specimens  were  drawn  during 
acute  and  recovery  phases.  Though  the  number  of  cases  was  fewer  this  year, 
suggesting  that  the  late  monsoon  and  spraying  had  reduced  the  infective  agent, 
the  serological  firdings  indicated  that  the  majority  of  cases  were  Japanese  B. 
type  encephalitis. 


General  Surgical  Research. 


1.  During  this  report  period,  a  significant  drop  in  battle  casualties,  partially 
assisted  by  a  simultaneous  decrease  in  military  strength,  led  to  a  significant 
decrease  in  clinical  material  for  surgical  projects.  Previous  programs  were 
brought  to  conclusion,  and  departing  investigators  were  net  replaeeu. 

2.  An  active  program  was  involved  with  oxygen  transport  mechanisms  as  re¬ 
lated  to  altered  oxygen  and  2,3-diphosphoglycerate  levels  in  patients  after  var¬ 
ious  types  of  injuries  and  after  large  volumes  of  blood  were  transfused.  Since 
these  were  involved  in  the  treatment  of  shock  and  such  sequa.’ae  as  renal  shut¬ 
down,  the  program  was  studied  in  several  phases.  The  overall  program  in¬ 
volved  establishing  a  laboratory  to  measure  blood  gases,  electrolytes,  and  as¬ 
sociated  cnemicai  tests,  and  to  monitor  physiological  changes  during  various 
stages  of  treatment  and  recovery. 

The  measurement  o:  2,3-diphosphog]>cerate  (DPG)  was  undertaken  by  ar  ■ 
other  laboratory.  Samples  from  patients  receiving  bank  blood  were  divided  in¬ 
to  those  being  massively  transfused  (rec  living  over  six  units)  and  those  with 
more  moderate  v  imes  being  compared  to  patients  using  other  types  of  fluid 
during  the  procedure.  Blood  gases  and  pH  were  measured  at  intervals  during 
surgery  and  recovery.  Those  already  on  oxygen  were  excluded  from  this  por¬ 
tion  of  the  study. 

During  the  initial  planning  stage,  it  was  anticipated  that  1-3  patients  a 
week  would  be  studied.  By  the  time  procedures  were  ready,  patient  input  was 
too  low  to  permit  completion  of  the  study  prior  to  the  departure  of  the  staff. 

3.  Patients  with  acute  chest  trauma  were  studied  as  part  of  the  oxygen  system 
study.  Findings  indicated  the  value  of  volume  over  pressure  type  respirators. 
Long-term  follow  up  was  precluded  since  the  majority  of  these  patients  were 
evacuated  out  of  councry. 

4.  Patients  with  multiple  transfusions  were  further  evaluated  when  the  "wet 
lunj"  syndrome  ensued.  Evidence  of  pulmonary  edema  was  detected  clinically. 
Treatment  with  diuretics  was  used  and  the  results  correlated  in  terms  of  oxygen 
levels,  recovery,  and  general  complications.  Such  early  use  of  diuretics  ap¬ 
peared  to  be  of  clinical  benefit  to  these  patients. 

5.  Acute  trauma  involving  the  large  viscera,  particularly  the  liver,  was  clin¬ 
ically  evaluated  in  terms  of  treatments  used,  recovery,  and  complications. 
These  observations  were  made  primarily  by  chart  review  of  the  operative 
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procedures,  course,  and  evidence  of  complications.  However,  the  paucity  of 
cases  arid  turnover  of  general  surgical  -*_ff  did  not  provide  a  large  enough  pool 
of  material  for  study. 

Severely  injured  patients  receiving  large  amounts  of  bank  blood  were  found 
to  have  cardiac  instability  and  deranged  physiology  that  appeared  to  be  related 
to  the  decreased  body  core  temperature  induced  by  the  coid  blood.  Other  at¬ 
tempt  s  to  mechanically  warm  the  blood  unit  prior  to  transfusion  were  considered 
either  impractical  for  large  volumes  or  caused  serious  changes  to  the  stored  red 
cells.  The  present  device  available  for  study  was  designed  for  diathermy-type 
heating.  In  actual  use,  the  device  did  not  appear  to  function  satisfactorily,  and 
tended  to  have  heating  effects  on  the  red  cells. 

7.  Standard  coagulation  tests  were  used  to  evaluate  bleeding  tendencies  of  pa¬ 
tients  following  large  transfusions.  Individuals  were  divided  between  those  re¬ 
ceiving  ten  or  more  units  in  twenty -four  hours  and  those  receiving  five  units  or 
less.  Patient  input  rapidly  decreased  during  the  study  period,  and  little  evidence 
was  obtained  from  the  standard  tests  as  to  the  nature  of  the  clotting  defect. 

8.  Study’  of  peptic  ulcer  disease  in  patients  wi*h  acute  trauma  was  continued, 
using  more  detailed  chemical  tests,  biopsies,  and  pathological  specimens.  The 
blood  samples  were  sent  to  a  contract  laboratory  for  analysis,  and  final  corre¬ 
lation  of  data  was  being  prepared  by  the  investigators  after  their  return  to  WRAIR. 

9.  Aircraft  accidents  have  remained  a  major  cause  of  traumatic  injury  and  fa¬ 
tality.  Access  to  autopsy  reports  for  the  past  year  provided  a  source  of  data  to 
be  used  to  study  patterns  of  injury,  type  of  accident  and  aircraft.  These  find¬ 
ings  were  considered  possible  sources  for  correction  of  possible  hazards  in  air¬ 
craft  or  operational  procedures.  Analysis  of  findings  was  complemantedihycce- 
view  of  body  x-iays,  and  the  final  report  is  being  prepared  by  the  investigator 
upon  return  to  WRATR. 

Photographic  Team  Projects. 

Assignment  of  photographers  to  the  team  provided  a  unique  capability  to 
film  many  medical  activities,  including  field  research.  Documentation  of  find¬ 
ings,  procedures,  and  general  activities  provided  material  for  demonstrations, 
edacaao.  ,  and  histor;  :al  r:vuw.  So  ne  projects  were  linked  with  ongoing  re¬ 
search  or  special  activities  of  field  medical  units.  Documentation  was  provided 
of  the  procedures  involved  in  cleaning  cargo  prior  to  its  return  to  the  United 
States  as  an  example  of  supply  economy  and  of  public  health  measures  taken  to 
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control  spread  of  disease.  A  special  project  officer  from  USAMEDCOM  was  as¬ 
sisted  in  documenting  with  films  and  pictures  of  the  current  combat  surgical 
procedures.  Along  the  same  lines,  the  use  of  the  water-pik  as  a  means  to  clean 
war  wounds  was  filmed.  Various  field  units  in  related  medical  fields  had  pro¬ 
cedures  documented  by  film  and  included  those  in  optometry,  as  well  as  the 
training  and  care  of  war  dogs  for  the  veterinarians.  Skin  lesions  being  treated 
in  the  dermatology  programs  were  photographed  to  show  temporal  progress  and 
illustrate  the  pathology.  The  Preventive  Medicine  Officers  designed  and  prepared 
a  film  for  use  in  training  future  officers  entering  the  field  of  preventive  medicine, 
and  to  illustrate  common  procedures  and  problems  likely  to  be  encountered  in 
this  area. 


The  U.  3.  Army  Medical  Research  Teem  (WRAIR)  Vietnam  reverted  to  inactive 
status  on  30  April  1971,  WRAIR  G.O.  9,  13  April  1971. 
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Task  00,  Tropical  and  Subtropical  Military  Medical  Research 

Work  Unit  305,  Military  medical  research  program,  SEA,  WRAIR  - 
zoonoses 


Investigators : 

Principal:  A.  D.  Alexander,  Ph.D. 

Associate:  M.  Rogul,  Ph.D.;  D.  Haas,  Ph.D.;  L.  Evans,  B.S.; 
J.  Brendle,  B.S.;  S.  Carr,  M.S. 


Description. 

Studies  are  conducted  on  real  or  potential  militarily  important 
diseases  transmissible  from  animals  to  man  in  SEA  with  emphasis  on 
melioidosis  and  leptospirosis.  Studies  are  directed  toward  improvement 
of  laboratory  diagnostic  procedures,  development  of  suitable  treatment 
and  control  measures,  and  determining  natural  history  and  occurrences 
of  these  diseases. 


Progress . 

1.  Melioidosis 

a.  Bacteriological  differentiation  of  Pseudomonas  pseudomallei. 
from  other  bacteriologically  similar  pscudomonads .  Pseudomonas  cepacia 
(Syn.  P.  multivorans)  has  been  increasingly  recognized  in  clinical 
specimens It  has  emerged  as  a  potential  pathogen  that  can  cause 
wound,  skin,  and  systemic  infections.  Its  importance  ar.^  role  in 
human  infections  may  have  been  masked  because  it  is  not  readily  identi¬ 
fied  by  conventional  selection  and  differential  bacteriological  schema. 
The  biological  properties  of  P.  cepacia  are  not  remarkably  different  from 
those  of  P.  paeudomallei . i-5  In  fact,  strains  of  P.  cepacia  isolated 
from  "foot  rot"  infections  in  soldiers  were  erroneously  identified  to 
be  P.  pseudomallei.  Like  P.  paeudomallei .  P.  cepacia  has  been  found  in 
soils  of  Vietnam,  is  relatively  resistant  to  antibiotics  and  is  a 
potential  infection  hazard  in  war  wounds  and  burns,  It  was  therefore 
deemed  important  to  determine  if  schema  developed  for  identification  of 
P.  paeudomallei  would  also  serve  to  differentiate  it  from  P.  cepacia . 

The  comparative  reactions  of  reference  strain  P.  pseudomallei  and  10 
strains  of  P.  cepacia  are  shown  in  Table  1,  Five  of  the  P.  cepacia 
strains  were  from  the  American  Type  Culture  Collection;  the  others 
were  isolated  from  soldiers  with  skin  infections. 
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Table  l.  Comparative  cultural  and  biochemical  characteristics 
of  Pt  cepacia  and  P_.  pseudomallei 


Test 


_P.  cepacia  P_.  pseudomallei 


Oxidase 

+ 

Motility 

+ 

Growth  on  Crystal  Violet 

+ 

Growth  on  VCN  Agar 

+ 

Growth  on  MacConkey's  Agar 

t 

Growth  on  CTAB  Agar 

- 

Growth  on  SS  Agar 

- 

Growth  in  4%  NaCl 

- 

Growth  in  2%  NaCl 

+ 

Growth  in  Blood  Azide  Agar 

+ 

Growth  in  EMB  Agar 

* 

OF  Media  Glucose,  But* 

+ 

OF  Media  Glucose,  Surface 

+ 

Nitrate  Reduction 

t 

Gelatin  Liquifaction 

'  + 

Indole  Production 

- 

H2S  Production 

Penicillin 

- 

Resistant 

Chloramphenicol 

Sensitive 

Tetracycline 

Variable 

Polymyxin 

Variable 

Kanomycin 

Sensitive 

Novobiocin 

Sensitive 

Dihydrostreptomycin 

Resistant 

Erythromycin 

Resistant 

+ 

+ 

+ 

+ 

+ 


+ 

+ 

r 

+ 

+ 

+ 


Resistant 

Senitive 

Sensitive 

Resistant 

Sensitive 

Sensitive 

Resistant 

Resistant 


With  the  shown  scheme,  strains  of  P.  cepacia  could  be  differentiated 
from  P.  pseudomallei  by  differences  in  nitrate  reduction  and  suscepti¬ 
bility  to  sodium  azide.  Gilardi^  has  recently  shown  that  strains  of 
these  two  spe  :ies  differ  in  reactions  or:  O-nitrophenyl-B-D-galacto- 
ranos ide  t*  at,  arginine  dihydrolase  and  lysine  decarboxylase 
activity. 

Serological  cross-reacticn  between  P.  cepacia  and  P.  pseudomallel 
were  examined.  In  addition  tests  were  conducted  with  the  following 
other  phenotypically  similar  pseudmonads  in  the  "pseudomallei 
complex:"  P.  mallei,  P.  marginata .  P.  allicola .  and  P.  carophylll. * 
Tests  were  conducted  with  1  strain  P.  mallei .  4  strains  of  P.  pseudo- 
mallei,  6  strains  of  P.  cepacia ,  1  strain  each  of  the  remaining  strains. 
Antigen  were  prepared  from  smooth  colonial  growth  on  nutrient  agar, 
and  consisted  of  washed  suspension  of  cells  in  0.37,  formalinized 
physiological  salt  solution.  The  concentration  of  cells  was  adjusted 
spectrophotometrically  to  approximately  9  x  10®  cells  per  ml.  Anti¬ 
serum  was  prepared  in  rabbits  by  injection  of  increasing  amounts  of 
0.5,  1.0,  2.0  and  4.0  ml.  Of  antigen  at  6-  day  intervals  intravenously. 
Animals  were  usually  bled  for  serum  processing  1  week  after  last  inocu¬ 
lation.  Sera  were  diluted  two-fold  from  1:40  to  1:1280  and  dilutions 
were  distributed  in  0.5  ml  amounts  to  hemagglutination  tubes  to  which 
were  added  equal  amounts  of  antigen.  Antigen-serum  mixtures  were 
shaken,  incubated  at  37°  for  18  hours,  then  read.  Titers  are  the 
highest  final  detection  in  which  cells  were  distinctly  agglutinated. 

A  summary  of  test  findings  is  shown  (Table  2).  Non-reciprocal  cross 
reactions  were  found  with  P.  pseudomallei  antiserum  and  P.  cepacia 
strains.  These  cross-agglutinations  were  heat-labile  and  could  be 
removed  by  boiling  the  antigen  for  2  hours.  Otherwise  the  serological 
characteristics  of  pseudomonads  in  the  pseudomallei  "complex"  appeared 
to  be  distinct.  The  cross-  reactions  of  P.  marginata  and  P.  allicola 
are  consistent  with  recent  report  that  these  were  identical  species .1 
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Table  2.  Cross  Agglutination  Reactions  of  Strains 
in  the  "Pseudomallei  Complex"  of  Pseudomonads 


<.1:80;  titers  of  1:2560  were  equal  to  or  greater  than  1:2560 


b.  Metabolic  differences  among  strains  of  P.  pseujomallel.  The 
purposes  of  this  study  were  to  determine  the  physiological  and  bio¬ 
chemical  basis  for  smootn  and  rough  colony  formation  in  pseudomonads, 
to  apply  these  findings  to  the  fvpe  of  treatment  and  laboratory  identi¬ 
fication  of  pseudomonas  diseases.  Our  previous  investigations  (WRAIR 
annual  reports  1969-1970)  have  shown,  how  certain  strains  of  P.  pseudo- 
mallei  mimic  coliform  organisms,  why  certain  maintenance  meuia  are 
detrimental  to  their  prolonged  cultivation,  and  that  colony  appearance  and 
physiological  characteristics  are  highly  correlated.  We  have  found 
that  all  members  of  this  species  produce  anmonia ,  uowever,  some  strains 
neutralize  its  potential  toxicity  by  coupling  ammonia  with  oxalic  acid. 
This  would  indicate  that  some  cases  of  melioidosis  are  complicated  by 
ammonia  toxicity.  It  is  necessary  to  determine  the  pivotal  reasons  for 
physiological  differences  within  the  epecies  P.  paeudomallei.  Once  these 
basic  mechanisms  are  defined,  it  is  anticipated  that  we  will  be  afforded 
a  more  rational  approach  to  laboratory  identification  and  disease  treat¬ 
ment.  Our  first  questions  asked  whether  the  natural  transition  of  smooth 
to  rough  colonies  was  genetic,  adaptive  or  both.  Since  many  of  the 
correlates  of  smooth  and  rough  characteristics  occurred  only  under 
highly  aerobic  conditions,  we  assumed  that  knowledge  of  the  cytochrome 
content  and  electron  transfer  chain  might  elucidate  important  regulatory 
mechanisms.  P.  pseudomallei  strains  165  L  (smooth)  and  7815C  (rough) 
were  grown  on  3%  glycerol  in  Difco  brain  heart  infusion  agar  (glycerol 
agar)  for  two  days  at  37  C. 

The  resulting  growth^was  washed  in  phosphate  buffer  and  processed  as 
previously  described:  The  bacterial  fractions  were  separated  by 
centrifugation  into  components  which  were  sedimented  at  78,480  x  g 
or  remained  in  the  supernatant  fluids. 

These  components  were  examined  in  the  Cary  15  spectrophotometer  at 
room  and  liquid  nitrogen  temperatures.  The  oxidized,  reduced,  differ¬ 
ence  spectra,  heme  and  carbon  monoxide  spectra  were  recorded.  Pi;  ein 
determinations  were  assayed  by  the  Lowry  method. 

These  same  strains  were  grown  in  deep  cultures  of  Difco  nitrate  broth 
and  examined  in  a  similar  manner. 

The  cytochromes  listed  in  Table  3  and  were  determined  by  spectro¬ 
photometry.  The  soluble  cytochrome  system  of  str&in  1651,  definitely 
contained  a  cytochrome  c.  It  was  difficult  to  determine  whether  this 
cytochrome  had  masked  the  optical  spectra  of  any  b  or  a  cytochrome. 

The  reactions  with  carbe n  monoxide  (CO)  indicated  an  oxidase  activity 
associated  with  an  a  type  cytochrome.  The  particulate  cytochrome 
system  was  definitely  composed  of  a,  b  and  c  type  cytochromes. 


Table  3.  Qualitative  Cytochrome  Content  of  P.  pseudomallei  Strains 
Grown  on  Glycerol  Agar  or  in  Nitrate  Broth 
as  Determined  by  Spectrophotometry 
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In  strain  7815C  we  only  found  a  c  type  of  cytochrome  in  the  super¬ 
natant  fluid.  It  appeared  that  a  small  amount  of  this  cytochrome 
reacted  with  CO.  If  is  possibly  an  oxidase  but  more  likely  the 
reaction  is  due  tu  some  slight  denaturation.  The  sedimented  fraction 
contained  a,  b  and  c  types  of  cytochromes.  The  a  type  demonstrated 
oxidase  activity.  Table  3  also  shows  that  each  cytochrome  type  was 
found  in  both  the  supernatant  and  sedimented  fractions  of  ce^rs 
grown  in  nitrate  broth.  The  a  type  cytochrome  demonstrated  cxieose 
activity  in  all  fractions.  In  strain  7815C  the  b  and  c  type  cyto¬ 
chromes  may  have  had  oxidase  activity  (marked  by  "?")  but  it  is  also 
possible  that  these  components  may  have  denatured  or  reacted  with 
nitrate  in  such  a  way  as  to  appear  as  an  oxidase.  The  difference 
spectra  in  Figures  1  and  2  illustrate  that  the  two  strains  are 
qualitatively  similar  in  their  cytochromes  content  but  quantitatively 
quite  different.  The  amounts  of  cytochrome  b  and  c.  from  strains  7815C 
and  165L  appease.'  to  be  proportionately  greater  in  nitrate  broth  than 
the  amounts  of  Vs?  cytoctuomea  from  these  same  strains  on  glycerol 
agar.  On  agar,  strain  1651  appeared  to  contain  much  more  flavin 
than  78I5C  (comparative  depth  of  flavin  notch  between  460-500  nm) .  In 
nitrate  broth  both  strains  had  a  shoulder  peak  between  475-480  which 
might  be  indicative  of  an  oxygenase. 
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2 .  Leptospirosis 


a .  Therapeutic  efficacy  of  ampicillin  in  experimental  hamster 
infections ■  Penicillin,  streptomycin,  tetracycline,  macrolide 
antibiotics  are  usually  effective  for  treatment  A  leptospirosis  if 
they  are  first  given  on  the  first  or  second  day  of  disease.  Their 
efficacy  is  questionable  if  treatment  is  started  on  3rd  or  4th  days 
after  disease  onset.  When  treatment  is  started  after  the  4th  day  of 
disease,  the  consensus  is  that  none  of  the  antibiotics  alter  the 
course  of  disease.  There  is  still  a  need  for  a  chemotherapeutic  agent 
that  can  be  effective  after  the  4th  day  of  disease  especially  when 
severe  signs  are  manifest. 

Specific  attention  was  given  to  ampicillin  which  was  previously  found 
to  have  high  antileptospiral  activity  (in  vivo)  in  comparison  to 
penicillin  G,  chlortetracycline ,  and  tyiosin.  The  efficacy  of  the 
drug  was  evaluated  in  adult  hamsters  experimentally  infected  with  a 
strain  of  serotype  bataviae  (1415).  In  previous  in  vivo  tests  to 
measure  drug  efficacy  when  treatment  was  delayed,  the  infectivity 
dose  was  lighter  than  anticipated  (See  Annual  Report  1970).  It  was 
deemed  advisable  to  repeat  the  experiment  with  the  use  of  larger 
challenge  dose.  For  this  purpose  adult  hamsters  (131  to  150  gms.) 
were  inoculated  i.p.  with  a  concentration  of  leptospiras  which  pro¬ 
duced  a  fatal  7-day  course  of  infection.  In  various  groups  of  hamsters 
treatment  at  dose  levels  of  either  6  or  3  mg/kg/day  was  delayed  from 
3  to  6  days  after  inoculation  of  leptospiras.  In  addition  to  ampicillin, 
tests  were  done  on  penicillin  G  and  chlortetracycline  for  comparative 
purposes.  Treatment  was  given  s.c.  in  divided  dose  2  times  diily  for 
5  days.  The  regimen  used  for  3  antibiotics  was  previously  demonstrated 
to  be  non-toxic  for  hamsters.  The  results  of  tests  are  summarized  in 
Table  4.  The  findings  affirmed  that  ampicillin  had  greater  curative 
properties  than  penicillin  G  or  chlortetracycline  under  the  test  con¬ 
ditions.  Ampicillin  afforded  greater  protection  against  death.  Its 
efficacy  in  curing  leptospiruria  was  again  demonstrated.  Only  2  of  the 
36  surviving  hamsters  treated  with  ampicillin  had  leptospiruria  whereas 
27  of  30  surviving  hamsters  treated  with  penicillin  G  and  16  of  33 
hamsters  treated  with  chlortetracycline  were  carriers. 
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Table  4.  Effect  of  Delay  in  Treatment  on  Chemotherapeutic 
Efficacy  of  Ampicillin,  Penicillin  G  and  Chlortetracycline 
for  Hamsters  Infected  with  Serotype  Bataviae  ( 14.15  )a 


Days  Drug  Ampicillin  Penicillin  G  Chlortetracycline 

treatment  dose  -  - 

delayed  Mg/Kg/dayb  DC  Lc  D  L  D  L 


3 

6 

0/5 

0/5 

1/5 

4/4 

0/5 

0/5 

4 

0/5 

0/5 

1/5 

4/4 

0/5 

0/5 

5 

0/5 

0/5 

0/5 

5/5 

0/5 

1/5 

6 

2/5 

0/3 

3/5 

0/2 

4/5 

0/1 

3 

3 

0/5 

0/5 

1/5 

4/4 

0/5 

5/5 

4 

0/5 

1/5 

1/5 

4/4 

0/5 

4/5 

5 

0/5 

1/5 

0/5 

5/5 

0/5 

5/5 

6 

2/5 

0/3 

3/5 

1/2 

3/5 

1/2 

a  Controls:  35/35  deaths;  mean  survival  time  7.0  days. 
b  Drugs  given  subcutaneously  2  x  daily  for  5  days. 
c  D  =  No.  dead/total;  L  =  Leptospiruria  in  survivors. 
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b.  Leptospirosis  In  ROK  troops  in  VN.  l  'ing  the  spring  of  1959, 
a  purported  outbreak  of  severe  leptospirosis  occurred  in  a  group  of 
200  to  240  ROK  soldiers.  Serum  samples  from  73  ROK  soldiers  who  were 
Involved  in  the  outbreak  were  submitted  for  more  definitive  serological 
tests  with  the  microscopic  agglutination  technic.  Samples  were  also 
tested  with  6  pooled  slide  test  antigens.  Significant  antibody  titers 
were  demcnstrated  with  the  microscopic  agglutination  technic  in  46  cases, 
of  which  43  were  also  positive  on  slide  tests.  Seven  additional  sera 
were  slide  test  positive  but  gave  partial  or  negative  reactions  on 
microscopic  agglutination  tests.  The  distribution  of  seropositive  sera 
by  predominant  serotype  reactions  and  titer  is  shown  in  Table  5.  High 
titer  reactions  of  1:1600  or  1:6400  demonstrated  in  14  of  46  sero- 
posltives  would  seem  to  indicate  that  leptospiral  Infections  had  occurred 
within  a  short  time  after  samples  were  taken  and  might  be  related  to 
the  outbreak.  It  is  also  apparent  from  the  distribution  of  reactions 
with  various  antigens  that  infections  In  this  group  were  produced  by  a 
variety  of  serotypes. 
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Table  5.  Distribution  of  Leptospiral  Agglutinins  in  Sera 
from  ROK  Soldiers  by  Predominant 
Serotype  and  Titer 


Predominant  serotype 

No.  of 

Sera  with 

Titer 

1:100 

1:400 

1:1600 

1:6400 

Total 

grippotyphosa 

1 

3 

2 

1 

7 

grippotyphosa  and  othar 

2 

2 

4 

pyrogenes  -  alexi 

1 

3 

3 

7 

djasiman 

1 

1 

2 

pyrogenes  6  djasiman  1  1 
autumnalis  1  1 
autumnalis  -  australis  11  2 
australis 

bataviae  21  3 
icterohaemorrhagiae  12  3 
canicola  -  celledoni  1  1 
multiple  1  1 
patoc  -  butembo  10  3  13 

Total  18  14  12  2  46 
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Sunwary  and  Conclusions. 

Is.*  £•  cepacia  resemble!*  P.  pseudomallei  in  cultural  characteristics, 
biochemical  activity,  resistance  to  antibiotics,  and  in  its  natural 
occurrence  in  soils.  The  two.  species  may  be  differentiated  by  ability 
to  reduce  nitrate,  susceptibility  to  sodium  azide  and  reportedly^ 
reactions  in  ONBG  test,  production  of  arginine  dthydrolase  and  lysine 
decarboxylase.  Serologically  some  strains  of  P.  cepacia  contain 
heat-labile  antigens  which  agglutinate  P.  pseudomallei  antiserum.  A 
larger  number  of  strains  should  be  tested  to  affirm  these  differential 
attributes. 

lb.  At  the  present  time,  spectrophotometry  suggests  that  the 
cytochrome  systems  of  P.  pseudomallei  strains  165L  and  7815C  are 
qualitatively  similar  but  differ  quantitatively  und'r  varied  growth 
conditions.  Kinetic  and  oxygen  consumption  studies  on  the  oxygraph 
are  now  being  performed  to  further  elucidate  the  electron  transport 
chain. 


2a.  Arapiclllin  was  found  to  have  better  curative  properties  than 
penicillin  G  and  chlortetracycline  for  experimental  leptospirosis  in 
hamsters  in  repeat  tests  with  a  greater  lnfectlvlty  dose.  Its  value 
in  management  of  human  or  animal  infections  when  given  relatively  late 
in  course  of  disease  merits  additional  observations.  It  has  potential 
usefulness  for  chemoprophylaxis  of  leptospirosis. 

2b.  An  outbreak  of  severe  disease  in  ROK  troops  appeared  to  be 
caused  by  Leptospira  on  the  basis  of  serological  test  findings.  A 
variety  of  serotypes  appeared  to  be  responsible  for  the  agglutinin 
reactions. 
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2  3.  (11 )  To  ascertain  if  the  prophylactic  administration  of  human  serum  gamma  globulin 
is  effective  in  decreasing  the  prevalence  of  endemic  hepatitis  among  soldiers  stationed 
overseas,  to  determine  the  period  of  immunity  and  the  dose  required. 

2a.  G  )  1  1  .  s.  soldiers  who  arrived  in  Korea  between  May  1967  and  august  19b9 

received  an  :u|cctieti  containing  either  2  ml,  5  ml  or  10  ml  of  lb  per  cent  gamma 

globulin  .a  i  pin, ebo  solution  upon  arrival  and  b5  per  cent  received  a  similar  injection 

i  ;c  .  months  later.  Injections  were  given  in  a  double  blinded  manner  based  upon  the 
last  integer  of  the  soldier's  service  number.  The  Incidence  of  hepatitis  In  each  group 
was  enumerated  by  surveillance  of  all  hospital  admissions. 

2>.  (F)  ~i>  n;  -  7 1  ...  Gamma  globulin  diminished  the  ineiuence  of  icteric  endemic 

hepatitis  bv  filly  per  cut.  Ihe  5  ml  dose  seemed  to  produce  maximal  protection. 
Protection  was  provided  ror  only  six  months  after  injection.  Similar  protection  was 
observed  against  both  IL\A  positive  and  negative  hepatitis.  HAA  positive  hepatitis  was 
observed  in  12  per  cent  of  icteric  cases  ot  endemic  hepatitis.  Patients  who  received 
gamma  globulin  had  a  diminished  history  of  chills,  fever  and  icterus,  decreased  albu¬ 
minuria  itl  i  low.  r  pi. iK  moan  serum  bilirubin  value  than  control  subjects.  Prophy¬ 
lactic  i  a  j  is  i.  i  ms  ’I  s  imtt.a  globulin  lid  not  s  ign  i  t  leant  iy  alter  the  incidence  of  other 

.  omrottpl  ice  info,  t  ions  I  i  se.ises  observed  in  the  soldiers  of  this  study.  For  technical 

reports  too  Wallet  Roe  i  Arnv  institute  of  Research  Annual  Progress  Report,  1  dul  70  - 
lo  I'm  71. 
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Project  3A062110A811  MILITARY  MEDICAL  RESEARCH  PROGRAM  S.  E.  ASIA 

Task  00  Tropical  and  Subtropical  Military  Medical  Research 

Work  Unit  308,  Prophylactic  use  of  gamma  globulin  to  prevent 
infectious  hepatitis 

Investigators 

Principal:  COL  Marcel  E.  Conrad,  MC 

Associate:  Hans  F.  Smetana,  M.D.,  and  Allen  A.  Young 

Description. 

Gamma  globulin  has  been  used  in  ^oth  civilian  and  military  populations 
to  prevent  the  occurrence  of  infectious  hepatitis.  Scrutiny  of  the 
incidence  of  hepatitis  in  troops  receiving  prophylactic  injections  of 
gamma  globulin  has  failed  to  provide  convincing  evidence  that  it  has 
reduced  the.  incidence  of  disease.  A  double  blinded  clinical  study  was 
initiated  to  permit  evaluation  of  the  effectiveness  of  U.  S.  gamma 
globulin  in  the  prevention  of  hepatitis  in  U.  S.  Forces  stationed  in 
Asia. 

Progress. 

During  May  1967,  a  controlled  study  was  initiated  in  U.S.  soldiers 
assigned  to  Korea  to  evaluate  the  effectiveness  of  gaaana  globulin 
produced  from  U.S.  donated  blood  in  the  prophylactic  prevention  of 
Icteric  hepatitis.  Between  May  1967  and  August  1969,  107,803  soldiers 
arriving  in  Korea  received  a  10  ml  injection  containing  either  2  ml, 

5  ml  or  10  ml  of  16  per  cent  human  serum  gamma  globulin  or  10  ml  of 
an  albumln-sucrose-potasslum  glutamate  solution.  Sixty-five  per  cent 
of  these  soldiers  received  a  second  injection  of  the  seme  material 
five  to  seven  months  later.  Other  then  transitory  syncope,  no  ad¬ 
verse  reactions  were  observed  in  the  subjects  of  this  study. 

The  materials  used  in  this  study  were  manufactured  by  Hyland  Labora¬ 
tories  and  were  prepared  by  Cohn  fractionation  of  ACD  or  cltrated 
plasma  from  recently  bled  paid  donors  in  various  geographic  areas 
of  the  United  States.  Assays  of  this  gamma  globulin  showed  little 
fragmentation  ((5  per  cent);  large  amounts  of  IgG  (16  g/100  ml); 
small  amounts  of  IgA  (100  mg^lOO  ml),  IgM  (110  mg/100  ml)  and 
albumin  (16  mg/100  ml)  and  high  antibody  titers  for  measles,  polio¬ 
virus  type  II  and  diphtheria.  Immunoelectrophoresis  of  the  albumin 
sucrose  potassium  glutamate  solution  used  ae  a  placebo  solution  in 
this  study  contained  no  dete*tible  IgG,  IgA  or  XgM  as  measured  on 
immunoplates .  Biologic  materials  were  shipped  and  stored  under 
monitored  conditions  to  insure  they  were  maintained  properly  re¬ 
frigerated  until  they  were  used. 
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The  various  dosages  oi  gamma  globulin  and  placebo  solution  were  bottled 
in  vials  labeled  with  a  single  digit  identification  number.  An  equal 
number  of  vials  were  labeled  with  each  possible  integer,  0  through  9. 
Vials  containing  the  three  dosages  of  gamma  globulin  were  each  assigned 
one  of  two  integers  and  the  control  solution  was  labeled  with  one  of 
the  four  remaining  integers.  Each  soldier  was  injected  with  the  con¬ 
tents  of  a  vial  labeled  with  an  integer  selected  to  match  the  last 
integer  of  his  army  service  number.  This  permitted  random  selection 
of  subjects  and  test  materials.  The  code  was  not  known  to  members  of 
the  study  and  people  invoLved  in  analysis  of  data  or  care  of  patients 
until  after  completion  of  tne  investigation. 

Soldiers  with  symptoms  or  physical  findings  suggestive  of  hepatitis 
were  hospitalized  at  either  the  121si  Evacuat_jn  Hosp  .tai  or  the  11th 
Evacuation  Hospital.  The  diagnosis  of  icteric  viral  hepatitis  in  these 
soldiers  included  an  abnormal  serum  bilirubin  concentration  (  1.5 

mg/100  ml),  abnormal  serum  transaminase  determinations  (SCOT  and/or 
SCPT ,  200  units)  and  lack  of  evidence  of  infectious  mononucleosis. 

A  li/er  biopsy  specimen  was  obtained  £*om  82  per  cent  of  these  hepa¬ 
titis  patients  and  was  used  to  provide  confirmation  of  the  diagnosis. 
Only  five  patients  were  hospitalized  during  the  perio  '  of  this  study 
with  well  documented  anicteric  hepatitis;  they  were  not  included  in 
the  analyses. 

There  were  467  documented  cases  of  icteric  viral  hepatitis  in.  the 
subjects  of  this  study  with  an  incidence  of  5.67  cases  per  thousand 
among  the  control  subjects  wno  received  albumin,  and  3.39  (10  ml), 

2.90  (5  ml)  and  4.04  (2  ml)  cases  per  thousand  among  soldiers  in¬ 
jected  with  the  various  amounts  of  gamma  globulin.  Analyses  of  these 
data  showed  that  2  ml  of  gamma  globulin  provided  significant  protec¬ 
tion  but  less  than  was  observed  with  the  5  ml  injection.  A  larger 
dose  of  gamma  globulin  did  not  produce  a  greater  reduction  in  the 
incidence  of  icteric  viral  hepatitis.  Groups  who  received  either 
5  or  10  ml  doses  oi  16  per  cent  gamma  globulin  had  one  half  the 
hepatitis  rate  observed  in  the  control  groups  for  six  months  after 
injection.  Subsequently,  there  was  no  significant  difference  in 
the  hepatitis  rate  in  either  the  gamma  globulin  protected  subjects 
or  the  soldiers  who  received  the  placebo  solutions.  Studies  of  the 
occurrence  of  other  Infectious  diseases  which  occurred  in  these 
soldiers  showed  no  significant  change  in  incidence  among  the  gamma 
globulin  protected  atoup  when  compared  to  the  control  group.  This 
included  upper  respiratory  infections,  bacterial  pharyngitis  and 
bronchitis,  pneumonia,  infectious  mononucleosis,  influenza,  gastro¬ 
enteritis,  meningitic,  l;a.  te-inl  and  fungal  skin  infections,  urinary 
tract  Infections  and  the  venereal  diseaseo. 

acute  sera  from  211  patient-,  admitted  to  the  121  Evacuation  Hospital 
with  Icteric  -ini  h  :tnr !  t  is  was  examined  for  Australia  antigen  (HAA) 


by  both  the  complement  fixation  and  agar  gel  immunodif f ueion  method. 
Following  distribution  of  these  patients  into  groups  which  had  re¬ 
ceived  gamma  globulin  or  placebo  solution,  statistical  analysis 
showed  that  gamma  globulin  provided  similar  protection  again3t  both 
HAA  positive  and  HAA  negative  endemic  hepatitis.  The  protection 
observed  against  HAA  positive  hepatitis  by  gamma  globulin  in  this 
study  seems  to  differ  from  otner  recently  reported  data  in  which 
gamma  globulin  did  not  prevent  HAA  positive  hepatitis  after  blood 
transfusions.  However,  most  of  our  patients  were  probably  infected 
with  a  smaller  number  of  viral  particles  by  the  oral  route  ard  re¬ 
ceived  gamma  globulin  which  was  derived  from  a  paid  donor  population. 

To  determine  whether  gamma  globulin  affected  the  severity  of  illness, 
we  compared  the  hospital  records  of  patients  who  received  5  or  10  ml 
doses  of  gamma  globulin  with  those  who  were  injected  v r th  placebo 
solution.  Patients  with  viral  hepatitis  who  received  gamma  globulin 
had  a  diminished  history  of  chills,  fever  and  icterus;  decreased 
albuminuria  and  lower  peak  mean  serum  bilirubin  (total  and  direct 
reacting  fraction)  vaLues  than  control  subjects.  Other  comparisons 
to  quantify  severity  including  the  duration  of  hospitalization;  other 
symptoms,  physical  findings  and  laboratory  tests  showed  no  signifi¬ 
cant  difference  between  groups. 

In  this  study,  we  believe  most  patients  were  infected  by  the  toI 
route.  Only  1  few  patients  had  received  blood  transfusions  within 
six  months  before  the  development  of  icterus  ar.d  there  wau  little 
evidence  by  history  or  physical  examination  of  the  parenteral  use 
of  narcotics  or  habituating  drugs  among  these  hospitalized  soldiers. 

It  seemed  unlikely  that  immunizations  or  dental  work  contributed 
significantly  to  the  prevalence  of  hepatitis  because  disposable 
hypodermic  needles  and  syringes  and  pressure  sterilization  have  been 
used  in  all  medical  facilities  during  recent  years.  Further,  sur¬ 
veillance  is  maintained  over  shipments  of  vaccines  so  that  outbreaks 
of  disease  could  rapidly  be  traced  to  their  source.  In  addition, 
in  this  study  there  was  a  similar  hietory  of  dental  work,  immuniza¬ 
tions  and  che  use  ot  medications  among  patients  with  hepatitis  and 
soldiers  who  did  not  develop  this  disease. 

A  comparison  was  made  between  the  467  patients  who  developed  hepatitis 
and  4,000  soldiers  who  did  not  develop  hepatitis  during  their  military 
tour  in  Korea  to  ascertain  which  factors  were  more  frequently  observed 
in  the  hepatitis  patients  than  the  normal  soldiers.  On  a  per  capita 
ba°is,  the  highest  risk  group  was  a  white  enlisted  man  between  20-29 
years  of  age  with  3-0  year  a  ox.  military  sen/ice  who  had  more  years  of 
education  than  his  peers  and  was  reared  in  a  nonurban  environment. 

We  believe  these  data  Indicate  that  individuals  reared  in  an  urban 
environment  are  more  likely  to  have  developed  immunity  to  hepatitis 
in  childhood  and  that  junior  noncommissioned  officers  have  a  greater 
exposure  to  the  native  environment  than  either  young  enlisted  men, 
senior  noncommissioned  officers  or  commissioned  officers. 


Results. 


Gamma  globulin  diminished  the  incidence  of  icteric  endemic  hepatitis 
by  fifty  ner  cent.  The  5  su.  dose  seemed  to  produce  Mxlml  protection. 
Protection  w as  provided  for  only  six  months  after  injection.  Slailar 
protection  was  observed  against  both  BAA  positive  and  negative  hepa¬ 
titis.  HAA  positive  hepatitis  was  observed  in  1Z  per  cent  of  icteric 
cases  of  endemic  hepatitis.  Patients  who  received  gaaa  globulin 
had  a  diminished  history  of  chills,  f ever  and  icterus,  decreased 
albuminuria  anJ  a  lover  peak  mean  serum  bilirubin  vaxue  than  control 
subjects.  Prophylactic  injections  of  gaau  globulin  did  not  signifi¬ 
cantly  alter  the  Incidence  of  other  commonplace  infectious  diseases 
observe!  in  the  soldiers  ot  this  study. 

Conclusions  and  Recommendations. 

Human  serum  gaaea  globulin  should  be  administered  intramuscularly  In 
a  5  ml  dosage  every  six  months  to  military  populations  where  it  is 
important  to  produce  a  lu  per  cent  reduction  in  the  prevalence  of 
disease.  The  reduction  in  incidence  of  HAA  positive  hepatitis  among 
gamma  globulin  protected  soldiers  is  probably  caused  by  cbtainment 
of  th*  original  plasma  from  plasmapheresis  of  prisoners  and  a  higher 
titer  of  HAA  antibody  than  In  conventionally  available  gamma  globulin. 
Purchases  of  gamma  globulin  for  prevention  of  HAA  positive  hepatitis 
should  include  specifications  which  insure  that  hyperimmune  biologic 
materials  are  obtained.  The  use  of  gamma  globulin  to  attempt  to  re¬ 
duce  infectious  diseases  other  than  those  for  which  It  has  been  shown 
to  be  effective  or  In  patients  with  hypogaama globul lnemia  should  be 
discouraged.  The  population  of  this  study  should  be  followed  In 
collaboration  with  the  Veterans  Administration  for  10-20  years  for 
detection  of  cases  of  postnecrotic  cirrhosis.  This  might  be  helpful 
in  determining  whether  anicteric  cases  of  hepatitis  develop  post¬ 
necrotic  cirrhosis  unlike  icteric,  cases  and  delineate  whether  the 
protection  vi:h  gamma  globulin  enhanced  the  incidence  of  clrrkosis. 
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23.  (U)  Endemic  viral  hepatitis  has  been  a  major  cause  of  morbidity  in  military 
populations.  A  collaborative  effort  was  established  to  attempt  to  isolate  the  causa¬ 
tive  agent (s)  of  hepatitis  with  the  expectation  that  this  might  lead  to  the  develop¬ 
ment  of  a  protective  vaccine. 

24.  (U)  Infectious  materials  are  obtained  from  carefully  documented  clinical  cases 
of  hepatitis  and  shown  to  be  infectious  in  volunteers  in  collaboration  with  North¬ 
western  University.  Aliquots  of  these  materials  are  distributed  to  investigators 
attempting  to  isolate  the  causative  agent,  demonstrate  hepatitis  associated  anti¬ 
bodies  and  identify  a  susceptible  laboratory  animal. 

25.  (U)  70  07  -  71  06  In  three  virologic  laboratories,  a  parvovirus  has  been  V  .  - 

lated  from  infective  sera  which  measures  20  mu  and  whose  growth  is  stimulated  by 
adenovirus.  However,  no  antibodies  have  been  demonstrated  in  convalescent  sera  to 
this  agent.  Double  blinded  studies  have  convincingly  demonstrated  that  marmosets 
levelop  hepatitis  following  Injection  of  infectious  sera.  The  dose  and  route  of 
administration  of  infective  sera  were  shown  to  be  important  in  the  causation  of 
clinical  hepatitis  in  humans.  For  technical  reports  see  Walter  Reed  Army  Institute 
of  Research  Annual  Progress  Reports,  1  Jul  70  -  30  Jun  71. 
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Description. 

Despite  many  reports  of  isolation  of  a  virus  from  materials  obtained 
from  patients  with  infectious  hepatitis,  there  is  no  convincing 
evidence  that  the  causative  organism  of  infectious  hepatitis  has  been 
cultivated.  Studies  were  initiated  to  obtain  materials  from  patients 
with  infectious  hepatitis  and  prove  that  they  are  infective  so  that 
these  specimens  can  be  distributed  to  various  laboratories  attempting 
to  cultivate  and  identify  the  virus.  It  is  postulated  that  the  avail¬ 
ability  of  materials  from  single  sources  and  their  distribution  to 
many  laboratories  will  provide  the  best  opportunity  to  cultivate  the 
causative  organism  of  disease  and  hopefully  lead  to  the  production  of 
a  vaccine  for  the  prevention  of  hepatitis. 

Studies  are  being  performed  at  the  Illinois  State  Penitentiary  in 
collaboration  with  Dr.  Joseph  D.  Boggs  of  Northwestern  University. 
Potentially  infectious  materials  from  patients  with  documented  in¬ 
fectious  hepatitis  are  being  administered  to  volunteers.  Each  patient 
is  hospitalized  and  carefully  controlled  clinical  and  laboratory  tests 
are  performed  to  ascertain  if  the  volunteer  develops  hepatitis.  Blood, 
urine  and  feces  are  collected  before  the  administration  of  test  ma¬ 
terials  and  are  stored  at  -80°  C.  until  the  completion  of  studies. 
Materials  from  subjects  developing  hepatitis  are  selected  and  divided 
into  small  aliquots  for  distribution  to  laboratories  attempting  to 
(1)  isolate  the  virus  of  hepatitis;  (2)  develop  antibody  tests  to 
identify  the  disease  and  (3)  produce  the  disease  in  animals  to  ob¬ 
viate  the  need  for  human  studies. 

Results. 

Material  obtained  from  the  MS-1  Willowbrook  serum  pool  was  administered 
orally  to  volunteers  at  the  Illinois  State  Penitentiary.  Three  of  ten 
subjects  developed  icteric  hepatitis  documented  by  examination  of  liver 
biopsy  specimens  between  25  and  40  d^ys  after  exposure.  Serum  from  one 
of  these  patients  caused  Icteric  hepatitis  in  five  of  ten  volunteers 
when  administered  orally  in  a  dose  of  0.1  ml.  Convalescent  sera  from 
these  patients  failed  to  show  a  reaction  of  identity  by  agar  gel  Immuno¬ 
electrophoresis  or  complement  fixation  methods  against  either  the  ini¬ 
tial  infective  sera  or  against  sera  obtained  from  the  recipients  at  the 
time  they  were  acutely  ill.  It  was  postulated  that  this  was  caused  by 
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either  small  quantities  of  antigen  or  an  :ibody  or  both.  An  attempt 
was  made  to  increase  the  antibody  titers  of  these  volunteers  by  re- 
exposir.g  them  to  the  initial  infective  material.  They  received  0.1 
ml  of  the  infectious  sera  subcutaneously.  None  of  the  volunteers 
who  developed  icteric  hepatitis  previously  became  ill  from  the  re¬ 
exposure.  However,  two  of  four  who  failed  to  develop  hepatitis 
previously  developed  icteric  HAA  negative  hepatitis  from  the  first 
subcutaneous  exposure.  This  suggests  that  the  dose  of  infective 
material  and  the  route  of  administration  are  important  in  the  causa¬ 
tion  of  clinical  illness.  Presently,  the  convalescent  sera  of 
volunteers  repeatedly  exposed  to  HAA  negative  hepatitis  has  not 
shown  serolcgic  reactivity  with  acute  infective  materials.  Plans 
are  in  progress  to  attempt  to  concentrate  the  acute  infective  ma¬ 
terial  by  ultracentrifugation  and  on  cesium  gradients  before  retest¬ 
ing  with  convalescent  sera  and  various  preparations  of  gamma  globulin 
which  are  known  to  protect  humans  against  HAA  negative  hepatitis. 

Infectious  sera  has  been  supplied  to  eight  virologic  laboratories  to 
attempt  to  cultivate  the  etiologic  agent  of  infectious  hepatitis. 

Using  Detroit  6  tissue  culture  materials  and  methods,  three  labora¬ 
tories  have  isolated  a  parvovirus  which  is  similar  but  not  anti- 
genically  identical  to  the  H3  rat  virus.  The  isolate  has  been  shown 
by  electron  microscopy  to  be  approximately  20  mu  in  diameter  and  growth 
in  tissue  cultures  can  be  increased  one  hundredfold  by  the  addition  of 
adenovirus  to  the  media.  Antibodies  have  not  been  identified  in  human 
convalescent  sera  which  react  serologically  with  this  agent.  Obviously 
this  makes  it  highly  possible  that  the  parvovirus  is  a  contaminent  and 
not  the  causative  agent  of  viral  hepatitis.  Presently,  experiments 
are  in  progress  to  ascertain  if  tissue  culture  materials  containing 
the  parvovirus  produce  hepatitis  in  marmosets.  If  the  animals  develop 
no  disease,  they  will  be  challenged  with  acute  infective  sera  to  show 
that  they  remain  susceptible  and  have  not  been  immunized  with  an  at¬ 
tenuated  virus. 

Six  coded  groups  of  specimens  have  been  forwarded  to  Presbyterian- 
St.  Luke's  Hospital  for  examination  in  marmosets.  In  each  of  these 
experiments,  the  marmosets  have  developed  hepatitis  when  exposed  to 
infectious  sera  but  not  to  control  sera.  The  results  of  these  ex¬ 
periments  were  reviewed  by  an  assigned  subcommittee  of  the  Liver 
Advisory  Committee  to  USAMRDC  who  became  convinced  that  the  animal 
model  was  useful  in  detecting  infectious  materials.  It  was  recom¬ 
mended  that  animal  studies  be  utilized  for  testing  of  candidate  agents 
and  to  detect  various  strains  of  HAA  negative  hepatitis. 


Conclusions  and  Recommendations. 


There  is  a  continued  requirement  for  the  maintenance  of  pools  of 
infectious  material  which  are  known  to  produce  hepatitis  in  man. 

It  is  believed  that  this  untertaking  is  the  most  reasonable  approach 
to  provide  materials  for  une  in  laboratories  attempting  to  cultivate 
the  etiologic  agent  of  hepatitis.  There  is  a  continued  requirement 
to  attempt  to  establish  serologic  methods  to  identify  the  causative 
agent  of  hepatitis;  these  studies  are  in  progress. 
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23  (U)  Better  understanding  of  the  ijamune  mechanisms  involved  in  the  rejection  of 
allografts  and  foreign  bodies.  The  ultimate  goals  are  enhancement  of  skin  and  bone 
grafts  in  combat  casualties,  clinical  acceptance  of  renal  transplantation  in  the  Army 
Transplant  Program,  and  the  provision  of  better  criteria  for  guidance  in  the  management 
of  retained  intraocular  foreign  bodies. 

24  (u)  Utilizing  the  uptake  of  tritiated  thymidine  as  an  indication  of  DNA  synthesis 
(lymphocyte  reactivity)  in  one-way  mixed  lymphocyte  cultures,  a  large  variety  of  ex¬ 
periments  are  underway.  Models  include  transplanted  skin,  kidney  and  heart,  the  latter 
two  in  the  neck.  An  intracardiac  balloon  has  been  developed  to  measure  ventricular 
contraction  force  as  an  index  of  rejection.  A  variety  of  anti lymphocyte  sera  and  en¬ 
hancement  antisera  are  being  studied,  as  is  the  role  of  the  granulocyte.  Foreign  body 
studies  have  been  restricted  to  copper  (bullet  jacket)  fragments  retained  in  the 
rabbit's  vitreous. 

25  (U)  70  07  -  71  06  Thymus  dependent  versus  bone  marrow  dependent  lymphocyte  reactiv¬ 

ity  has  been  delineated  by  specific  antisera.  These  antisera  have  been  shown  to  pro¬ 
long  skin  graft  survival  while  others  have  been  specific  antibody  inhibitors.  An  IgG 
has  been  demonstrated  to  occur  post-transplantation  which  inhibits  MLC  reaction  and  Is 
a  positive  reflection  of  enhancement  of  organ  acceptance  by  the  host.  This  has  led  to 
a  new  in  vitro  method  to  determine  the  success  of  clinical  renal  transplantation  at 
WRGH.  Copper  aqueous  ./els  and  th»  location  of  the  FB  have  shown  to  be  of  value  in 
arriving  at  the  decision  to  operate  on  retained  vitreous  foreign  bodies.  Both  the 
transplantation  and  FB  studies  are  performed  in  connection  with  active  programs  at  the 
Walter  Reed  General  Hospital.  For  technical  report  see  Walter  Reed  Array  Institute  of 
Research  Annual  Progress  Report,  1  Jul  70-30  Jun  71.  , 
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1.  Transplantation  --  Mechanisms  of  Enhancement .  Ce llular  Immunity . 
and  Allograft  Relection 

a.  Statement  of  the  problem:  (1)  Facilitation  of  permanent 
acceptance  of  skin  and  bone  graft  in  combat  casualties  and  (2) 
elucidation  of  better  guides  to  renal  transplantation  and  follow  up. 

b.  Background :  The  current  research  program  is  partially  in 
direct  support  of  the  newly  established  Organ  Transplantation  Service, 
Walter  Reed  General  Hospital.  During  the  past  year  six  successful 
transplants  have  been  accomplished,  each  in  patients  on  tri-weekly 
dialysis,  at  a  saving  of  approximately  $25,000  a  year  per  patient. 

c.  Approach  to  the  problem:  Current  studies  involve  (1)  the 
studiy  of  enhancement  (the  specific  suppression  of  immunity,  by  humoral 
antibodies),  (2)  mechanisms  of  cellular  immunity,  and  (3)  humoral 

and  cellular  mechanisms  involved  in  allograft  rejections. 

d.  Results  and  discussion  of  the  results :  Utilizing  the  one¬ 
way  mixed  lymphocyte  culture  model  and  the  uptake  of  tritiated 
thymidine  as  an  index  of  reactivity,  lymphocytes  of  the  dog,  human, 
and  inbred  mouse  were  studied.  An  immunoglobulin  G  isolated  from 
dog  serum  was  discovered  to  occur  in  the  serum  of  recipients  during 
unmodified  allograft  rejection;  the  IgG  rises  as  early  as  5  days 
after  transplantation.  Specific  anti lymphocyte  sera  have  been 
prepared  to  include  thymic-derived  as  well  as  bone  marrcw  derived 
lymphocytes.  Using  a  cardiac  allograft  rejection  model  immunologic 
alterations  have  been  correlated  with  physiologic  changes  such  as 
ventricular  contraction,  coronary  blood  flow,  and  with  electron 
microscopy.  The  role  of  the  granulocyte  is  being  investigated 
utilizing  a  system  of  pure  granulocyte  preparations  and  anti¬ 
granulocyte  sera. 


*  Organ  Transplantation  Service,  Walter  Reed  Army  Medical  Center 

**  Ophthalmology  Service,  Walter  Reed  Army  Medical  Center 
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e.  Conclusion:  Additional  understanding  of  the  factors 
Involved  In  enhancement  and  rejection  has  been  obtained. 

f.  Reccxnmendatlon :  Further  studies  along  similar  lines  are 
necerscry,  including  collaborative  studies  with  the  National 
Institutes  of  Health  to  include  tumor  enhancement  and  rejection  as 
a  model. 

2 .  Studies  J2Q  Intraocular  £otsUa  Bodies 

a.  Statement  of  the  problem:  (1)  To  describe  the  early  and 
late  gross  changes  when  a  copper  foreign  body  (CFB)  is  placed  in 
various  positions  of  the  vitreous.  (2)  To  .4amonstrate  those  factors 
associated  with  elevated  copper  levels  in  the  aqueous  as  a  guide  to 
operative  management.  All  bullet  jackets  are  made  of  copper  which 

is  nonmagnetic  and  difficult  to  remove  surgically. 

b.  Background :  We  have  demonstrated  the  marked  inf lamnatory 
response  following  implantation  of  either  a  pure  or  alloyed  CFB 
against  the  wall  of  the  vitreous  cavity.  We  also  showed  that 
vitreous  copper  levels  as  determined  by  atomic  absorption  spectro¬ 
photometry  were  elevated  48  hours  after  the  implantation  whereas 
aqueous  copper  levels  did  not  elevate  until  60  -  90  days  post- 
imp  lantat  ion. 

c.  Approach  to  the  problem:  Pure  and  alloyed  (605L  Ct^40% 

Zn)  CFBs  were  placed  in  various  locations  in  the  rabbits'  vitreous 
and  the  response  was  regularly  observed  with  the  indirect  ophthalmo¬ 
scope.  Aqueous  taps  were  performed  periodically.  Correlation  of 
aqueous  copper  levels,  appearance,  and  the  duration  of  the  CFB  was 
made. 


d.  Results  and  cone lusions:  The  position  of  a  CFB  in  the 

vitreous  determined  the  response:  When  placed  anteriorly  behind  the 
lena  in  the  miuvitreous,  it  could  remain  there  indefinitely  without 
eliciting  an  inf lamnatory  response.  The  development  of  a  blackened 
surface  indicating  corrosion  was  observed  frem  2-8  months  with 
little  or  no  vitreous  reaction  and  migration  to  the  surface  of  the 
retina  iamediately  eliciting  an  inflammatory  reaction. 

If  a  CFB  lay  against  or  near  the  wall,  a  vitreous  abscess 
with  encapsulation  usually  occurred.  If  the  FB  was  pure  copper, 
encapsulation  was  complete  by  4  -  6  dsys.  Breakdown  of  the  abscess 
might  occur  with  release  of  the  foreign  body  into  the  vitreous 
cavity  between  3  and  9  months  after  encapsulation.  Ths  likelihood 
of  this  occurring  was  greater  with  the  alloy  (731)  than  with  ths 
pure  CFB  (10X). 


Aqueous  copper  levels  in  the  normal  rabbit  were  determined 
in  100  rabbits'  eyes  in  which  no  operative  procedures  had  been 
performed  and  in  109  eyes  in  which  a  pure  iron  foreign  body  had 
been  placed  in  the  vitreous. 

Analysis  of  the  aqueous  of  eyes  containing  a  foreign  body 
in  the  vitreous  revealed  that  only  36%  of  such  eyes  yielded  elevated 
copper  levels.  Factors  associated  with  higher  levels  were  duration 
and  corrosion  on  the  surface. 

e.  Conclusions :  The  most  important  fact  determined  from  these 
experiments  was  that  pure  copper  can  remain  suspended  in  the  mid- 
vitreous  without  eliciting  an  inflammatory  response  indicating  a  need 
for  caution  in  the  clinical  management  of  cases  since  the  danger 
of  removal  might  be  greater  than  the  damage  done  by  the  foreign 
body. 


f.  Recommendations :  (1)  The  efficacy  of  corticosteroids  in 

the  treatment  of  the  inflammatory  response  to  an  intravitreal  CFB 
should  be  studied.  (2)  The  usefulness  of  penicillamine  therapy  in 
the  lowering  of  elevated  aqueous  copper  levels  in  eyes  with  an 
intravitreal  CFB  should  be  evaluated.  (3)  Determine  if  the  alloy 
composition  affects  the  reactivity  of  the  foreign  body. 
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23  (10  “lucidate  the  pathophysiology  of  stress  ulcer,  a  delayed  complication  which 
causes  massive  gastrointestinal  bleeding  in  3%  of  severely  wounded  soldiers  and  which 
has  a  mortality  cf  WOT,  regardless  of  mode  of  therapy. 

2£  (U)  The  search  for  a  better  animal  model  continues.  The  restrained  rat  model  has 
given  reproducible  results.  A  variety  of  larger  quadrupeds  and  primates  in  whom  shock 
has  been  induced  by  hemorrhage  or  endotoxin  have  also  been  investigated. 

25  (U)  70  07  -  71  C'O  Sophisticated  uni-  and  bidirectional  flux  studies  have  success¬ 
fully  characterized  Che  changing  patterns  of  electrolyte  movement  across  the  gastric 
mucosal  harrier  in  large  animals  with  vagal ly  denervated,  internally  drained,  gastric 
pouches.  Striking  crops  in  gastric  potential  differences  have  been  observed  following 
shock.  Electron  microscopy  and  the  use  of  nonpermeabl»  molecules  have  permitted 
further  conclusions  as  to  the  anatomic  and  physiologic  changes  occurring  in  these 
models.  Vagotomy  failed  to  protect  the  restrained  rat  from  ulcers  induced  by  hemor¬ 
rhage;  however  conmon  bile  duct  ligation  enhances  ulcerogenesis  which  is  prevented  by 
vagotomy,  supporting  the  hypothesis  that  multiple  mechanisms  are  involved.  Further 
scudies  involve  urea  and  the  inhibition  oz  oxidative  phosphorylation. 
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Task  00,  Combat  Surgery 

Work  Unit  121,  Responses  to  trauma 

Investigators. 

Principal:  COL  Robert  T,  Cutting,  MC 

Associate:  MAJ  Wallace  P.  Ritchie,  Jr.,  MC;  LTC  Ronald  P.  Fischer, 
MC;  MAJ  John  C.  Bowen,  MC;  MAJ  John  F.  Mullane,  MC;  CPT 
Arthur  I.  Kobrine,  MC;  CPT  Neven  A.  Popovic,  VC 

1.  Effect  of  Endotoxemia  on  the  Gastric  Mucosal  Barrier 

a.  Statement  of  problem:  Hemorrhage  from  stress  ulcers  occurs 

in  37,  of  moderately  and  seriously  wounded  soldiers.  Mortality  approxi¬ 
mates  507.  regardless  of  therapy.  The  incidence  of  non-bleeding  stress 
ulcers  is  unknown  but  may  be  tenfold  higher. 

b.  Background :  Although  the  etiology  of  post- traumatic  stress 
ulcer  is  unclear,  a  variety  of  mechanisms  have  been  proposed  including 
hypotension,  jaundice,  sepsis,  and  hypoxia.  Current  interest  affirms 
that,  whatever  the  predisposing  factors,  the  end  result  in  an  organ 
which  elaborates  a  highly  caustic  acid  and  powerful  proteolytic 
enzyme  is  an  inability  to  maintain  a  high  intraluminal  concentration 
of  hydrogen  ion.* 

c.  Approach  to  the  problem:  The  llpopolysaccharide  of  the  cell 
membrane  of  E.  coli  contains  an  endotoxin  which,  in  dogs,  produces 
many  of  the  characteristics  of  septic  shock  in  man.  This  study 
assessed  the  effects  of  an  LDqq  dose  of  endotoxin  an  the  ability  of 
the  gastric  mucosa  to  maintain  (1)  a  normal  electrical  gradient  (PD) 
across  the  mucosa  and  (2)  a  normal  barrier  to  ionic  diffusion 
(including  HC1). 

d.  Results:  During  the  initial  bout  of  hypotension,  the  PD  fell 
to  50%  of  control  levels  but  returned  rapidly  to  normal  as  the  systemic 
arterial  blood  pressure  rose.  Thereafter  no  change  was  noted  for  at 
least  3  hours,  even  though  systemic  pressure  gradually  fell  to  shock 
levels.  Pretreatment  with  volume  expanders  ar.-  alpha  adrenergic  block¬ 
ing  agents  vitiated  the  Initial  systemic  arterial  response  but  did  not 
alter  the  fall  in  PD.  Associated  changes  are  noted  below: 


Flux  Rates  +  SEM/100  cro^  mucosal  area/15  minutes 
((-)  *  Stomach  loss;  (+)  •  Stomach  gain) 


Net  HoO 

Net  Na+ 

Na  Out^  Na  In^ 

Net  K+ 

Net  Cl' 

Net  H+ 

Control 

+1.4+0. 2 

+192+24 

11+7 

211+30 

+8+3 

+164+27 

-63+16 

Endotoxin 

+1.1+0. 2 

+148+12 

21+6 

175+17 

+20+2 

+104+20 

-106+7 

1.  Lumen  to  blood 

2.  Blood  to  lumen 

e.  Conclusion:  These  results  indicate  that  mucosal  integrity  is 
interrupted  during  the  initial  hypotensive  phase  of  endotoxin  shock 
and  that  this  disruption  is  probably  not  a  function  of  systemic 
arterial  hypotension. 

f,  Recomnendations :  Assess  the  long-term  effect  of  endotoxin 
shock;  compare  the  effect  of  endotoxin  and  live  E.  coli  in  both  dog 
and  priuate. 

2.  Effect  of  2.4  Dinitrophenol  on  Gastric  Mucosal  Integrity 

a.  Statement  of  problem:  Hemorrhage  from  stress  ulcers  occurs 
in  3%  of  mbderatxkly  and  seriously  wounded  soldiers.  Mortality  approxi¬ 
mates  50%  regardless  of  therapy.  The  incidence  of  non-bleeding  stress 
ulcers  is  unknown  but  may  be  tenfold  higher. 

b.  Background :  Disruption  of  the  gastric  mucosal  barrier  has 
been  postulated  to  be  the  fundamental  defect  preceding  the  development 
of  stress  ulcer  disease  in  man.  The  molecular  events  associated  with 
such  disruption  are  not  understood.  Insight  into  these  events  mlf,ht 
enhance  our  understanding  of  the  disease. 

c.  Approach  to  the  problem:  A  classical  method  for  studying 
physiologic  function  is  to  attempt  to  inhibit  it  with  anti¬ 
metabolites.  In  this  study,  the  effect  on  gastric  mucosal  integrity 
of  perfusing  the  mucosa  with  2,4  dinitrophenol  was  assessed  by  measur¬ 
ing  the  net  fluxes  of  1^0 ,  IT",  Na+,  tC*-,  and  Cl"  and  the  bidirectional 
fluxes  of  Na+.  In  addition,  the  transmucosal  potential  difference  (PD) 
was  monitored.  2,4  dinitrophenol  prevents  the  reduction  of  NADH  to 
NAD  and  therefore  the  incorporation  of  POa"  into  ADP,  essentially 
disrupting  oxidative  phosphorylation  and  depriving  tissues  of  anergy 
derived  from  pre-formed  high  euergy  P0^«  bonds.  The  results  ware 
compared  to  data  obtained  when  the  gastric  mucosa  was  perfused  with 

4  M  urea,  a  substance  which  disrupts  the  mucosal  barrier,  resulting 
in  enhanced  "back  diffusion"  of  IT",  and  increased  influx  of  1^0,  Na+, 
and  id". 
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d.  Results : 


PD  &  Flux  Rate  (+SEM)/30  minutes /100  cnr  Mucosa 
((-)  *  Pouch  loss;  (+)  ■  Pouch  gain) 


PD 

Net  H4 

Na  Out 

Control 

-44+7 

-156+29 

39+15 

Urea 

-6+3 

-402+20 

141+15 

DNP 

-12+4 

-394445 

148+32 

Na  In 

Net  K4 

Net  Cl" 

Net  H20 

292+11 

+15+1 

+184+15 

+1, 6+0.4 

756+46 

+30+3 

+133+12 

+3. 3+0.5 

663+115 

+22+4 

+137+17 

MS 

+2, 5+1, 6 

e.  Conclusion:  These  results  suggest  that  classical  disruption 
of  the  gastric  mucosal  barrier  results  from  an  inability  of  the 
affected  tissue  to  carry  on  oxidative  phosphorylation. 


3.  Effect  of  Graded  Hemorrhage  on  Gastric  Mucosal  Permeability 

e.  Statement  of  problem:  Hemorrhage  from  stress  ulcers  occurs 
In  3 %  of  moderately  and  seriously  wounded  soldiers.  Mortality  approxi¬ 
mates  50%  regardless  of  therapy.  The  Incidence  of  non-bleeding  stress 
ulcers  Is  unknown  but  may  be  tenfold  higher. 

b.  Background :  Clinical  data  on  severely  wounded  combat 
casualties  suggests  that  hemorrhagic  shock,  In  some  way.  Is  related 
to  the  development  of  "stress  ulcers"  in  these  patients.3  Recent 
experimental  work  has  shown  that  the  gastric  mucosal  barrier  undergoes 
permeability  changes  after  hemorrhagic  shock  In  rabbits  and  that 
similar  changes  are  frequent  in  patients  prone  to  develop  "stress 
ulcers."!  Altered  permeability  results  in  Increased  "back  diffusion" 
of  hydrogen  Ion  similar  in  magnitude  to  that  observed  when  urea, 
aspirin  and  bile  are  applied  topically  to  the  gastric  mucosa."  These 
studies  form  the  basis  of  a  theory  of  the  pathogenesis  of  "stress 
ulcers"  which  states  that  the  permeability  change  which  permits 
enhanced  "back  diffusion"  of  hydrogen  Ion  Initiates  mucosal  changes 
which  result  in  "stress  ulcers." 

c.  Approach  to  the  problem:  This  study  was  designed  to 
determine  the  effect  of  hemorrhagic  shock  on  gastric  permeability  In 
the  dog,  selected  because  it  has  been  the  experimental  animal  used  In 
most  experimental  studies  of  gastric  mucosal  permeability  and  because 
the  canine  physiologic  response  to  hemorrhagic  shock  has  bean  well 
delineated.  Mucosal  integrity  was  determined  by  measuring  the  net 
flux  rates  of  water,  H4,  K4,  Na4,  and  Cl”  and  the  bidirectional  flux 
rates  of  Ns*  and  by  determining  the  transgas trie  electric  potential 
difference  (H>).  Control  studios  were  performed  In  dogs  who  had  been 
previously  prepared  with  an  internally  drained  fundlc  pouch  and  than 


repeated  2  hours  after  hemorrhagic  shock.  An  additional  group  of 
dogs  underwent  control  studies  and  then  2  hours  later  were  subjected 
to  the  topical  application  of  2  M  urea.  The  urea  study  allows  for 
the  comparison  of  the  results  of  hemorrhagic  shock  with  urea  which 
produces  classical  disruption  of  the  gastric  mucosal  barrier. 


d.  Results: 


PD  &  Flux  Rates  (+SEM)/30  minutes/100  cm^  Mucosa, 


0 

'-)  =  Pouch 

loss;  (+) 

=  Pouch  gain) 

i. 

Group 

PD 

Net  HiO 

Net  H+ 

Na  Out 

Na  In 

Net  Cl“ 

(mv) 

(ml) 

(pEq) 

(pEq) 

(pEq) 

(pEq) 

Control 
Shock 
(1C  dogs) 

-48+4 
- 1 7+7  2 

+1.3+0. 2 
+0.9+0. 5 

-138+27 
-24 1+3 9 2 

46+8 

15 8+34 2 

334+6o 

237+272 

+06+47 
+01+1 7 2 

Control 
Urea 
(7  dogs) 

-44+6 
-6+2  2 

+1.4+0. 2 
+3.0+).62 

-151+22 

-311+392 

69+13 

91+23 

330+22 

630+1152 

+22»+56 

+211+59 

1.  Standard  test  solution  (80  mM/L  HC1,  80  mM/L  NaCI,  4-5  pC/L  ^^Na) 

2.  P  =  to  or  <  0.05  vs  control 

e.  Conclusions :  These  results  suggest  that  during  early 
hemorrhagic  shock  mucosal  permeability  is  not  increased,  as  is  the 
case  with  urea.  Rather,  as  a  consequence  of  reduced  net  Cl“  flux, 
the  electrical  gradient  is  altered  (4 PD),  permitting  intraluminal 
cations  to  "diffuse"  out  more  rapidly  (e,g.,  net  IT*",  Na+  Out)  and 
extraluminal  cations  to  "diffuse"  in  less  rapidly  (e.g.,  Na+  In), 

in  accordance  with  the  Ussing  equation.  If  enhanced  absorption  of  **+ 
by  the  gastric  mucosa  is  important  in  the  etiology  of  "stress"  ulcer, 
then  measurement  of  the  PD  may  be  a  useful  way  of  assessing  this 
modality  clinically. 

f.  Recommendation :  Clinical  studies  are  in  order  to  determine 
the  validity  of  our  assumption  that  PD  measurements  may  provide  a 
useful  assessment  of  gastric  mucosal  integrity  in  patients  at  great 
risk  to  develop  "stress  ulcers." 

4.  Studies  on  the  Etiology  and  Treatment  of  Stress  Ulcers :  Effects 
of  Hemorrhagic  Shock,  Transfusion  and  Vagotomy 

a,  Statement  of  problem:  Hemorrhage  from  stress  ulcers  occurs 
in  3%  of  mod*rat*ly  and  seriously  wounded  soldiers.  Mortality  approxi¬ 
mates  507o  regardless  of  therapy.  The  incidence  of  non-bleeding  stress 
ulcers  is  unknown  but  may  be  tenfold  higher. 


b.  Background :  Restraint-induced  ulcers  in  the  rat  resemble 
post-traumatic  "stress  ulcers"  in  man  in  that  they  are  acute  and 
multiple,  occur  mainly  in  the  stomach,  are  confined  to  the  oxyntic 
cell  area,  and  are  not  associated  with  gastric  acid  hypersecretion.^!^ 
In  combat  casualties,  hemorrhagic  shock  frequently  precedes  the 
development  of  "stress  ulcers."  It  was  determined,  therefore,  to 
study  whether  or  not  non-lethal  hemorrhagic  shock  in  the  rat  affected 
the  frequency  of  restraint-induced  gastric  ulcers. 

c.  Approach  to  the  problem:  Once  it  had  been  determined  that 
the  incidence  of  gastric  lesions  increased  in  the  rat  restraint 
model  following  hemorrhagic  shock,  a  study  was  performed  to  see  if 
vagotomy  offered  protection  under  these  circumstances.  In  addition  a 
study  was  performed  to  see  what  effect  transfusion  with  non-Hbg 
containing  volume  (saline  +  albumin)  would  have  on  the  same  model. 

d.  Results: 


Treatment 

No. 

Animals 

lesions  (+  SEM) 
Animals 

Ulcers  (+  SEM) 
Animals 

Erosions  (+  SEM) 
Animals 

Restraint  Alone 

15 

4. 3+1.0 

0. 3+0.2 

4. 1+1.0 

Restraint  + 
Hemorrhage 

15 

12.8+2.0 

1.8+0. 4 

11.0+1.9 

Restraint  + 
Hemorrhage  + 
Transfusion 

12 

4. 7+1.2 

0.4+0. 3 

4.3+1. 1 

Restraint  + 
Hemorrhage  + 
Vagotomy^ 

14 

13.2+1.6 

3. 4+0, 6 

9. 7+1.5 

1.  Chronic  truncal  vagotomy  +  pyloroplasty 


e.  Conclusions:  These  results  indicate  that  sublethal  hemorrhage 
markedly  enhances  ulcerogenesis  due  to  restraint  (p  <  .05),  and  that 
this  enhancement  can  be  prevented  by  transfusion.  Truncal  vagotomy 
affords  no  such  protection. 


5,  Elect  ron  Microscopy  Studies  of  Gastric  Permeability 

a,  Statement  of  problem:  Hemorrhage  from  stress  ulcers  occurs 
in  31  of  moderately  and  seriously  wounded  soldiers.  Mortality  approxi¬ 
mates  SOX  regardless  of  therapy.  The  incidence  of  non-bleeding  stress 
ulcers  is  unknown  but  may  be  tenfold  higher. 


b.  Background :  It  has  been  shown  experimentally  that  the  topical 
application  of  urea  disrupts  the  integrity  of  the  gastric  mucosa, ^ 
resulting  in  increased  mucosal  permeability,  enhanced  "back  diffusion" 
of  H*,  and  hemorrhage.  Similar  ionic  flux  changes  have  been  reported 
in  critically  ill  patients  prone  to  develop  "stress  ulcers. "1  The 
manner  in  which  the  permeability  of  the  mucosal  membrane  or  the 
mucosal  cell,  per  se,  is  altered  is  unknown.  One  explanation  is  that 
the  tight  junctions  between  cells  are  destroyed.  This  study  was 
designed  to  assess  this  problem  directly  by  electron  microscopy 
performed  following  urea  instillation  and  after  hemorrhagic  and 
endotoxin  shock  in  dogs. 

c.  Approach  to  the  problem:  Intraluminal  lanthanum  nitrate  is 
not  normally  diffusible  into  gastric  cells  nor  will  it  pass  through 
the  gastric  tight  junctions  into  the  intracellular  border  spaces.' 

Since  lanthanum  nitrate  is  demonstrable  by  electron  microscopy, 
changes  should  be  demonstrable  in  either  the  permeability  of  the 
gastric  mucosal  cells  or  in  the  tight  junction  between  cells  following 
urea  application,  hemorrhagic  shock  or  endotoxin  shock. 

d.  Results:  This  project  is  only  partially  completed.  Electron 
microscopic  studies  of  the  stomacn  before  and  after  urea  application 
have  been  performed,  and  confirm  the  fact  that,  under  resting 
conditions,  lanthanum  nitrate  does  not  traverse  the  tight  junctions 
nor  does  it  appear  within  mucosal  cells.  However,  attempts  to 
perform  lanthanum  nitrate  studies  following  urea  instillation  have 
not  been  successful  because  urea  causes  a  profuse  outpouring  of  mucus 
in  which  the  lanthanum  precipitates.  It  iu  anticipated  that  this 
problem  can  be  overcome  by  using  mucosal  strips  in  an  in  vitro 
perfusion  chamber.  Lanthanum  nitrate  will  be  applied  to  the  serosal 
rather  than  to  the  mucosal  surface  of  the  membrane.  In  the  presence 
of  competent  tight  junctions,  lanthanum  nitrate  will  be  blocked  after 
diffusing  to  these  structures  from  this  direction.  The  in  vitro 
perfusion  chamber  has  been  constructed  but  neither  these  experiments 
nor  the  studies  after  hemorrhagic  or  endotoxin  shock  have  as  yet  been 
performed. 


Study  is  continuing. 

6.  Increased  Phenolaulfonphthaleln  Absorption  Following  Disruption  of 
the  Gastric  Mucosal  Be rrier  by  Urea 

a.  Statement  of  problem.-  Hemorrhage  from  stress  ulcers  occurs 
in  371  of  moderately  and  seriously  wounded  soldiers ,  Mortality  approxi¬ 
mates  50%  regardless  of  therapy.  The  incidence  of  non-bleeding  stress 
ulcers  is  unknown  but  may  be  tenfold  higher. 

b.  Background :  It  has  been  postulated,  but  not  proven,  that 
disruption  of  the  gastric  mucosal  barrier  is  the  result  of  destruction 
of  the  tight  Junction  between  surface  epithelial  cells,  thereby 
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Increasing  the  effective  pore  area  and  resulting  in  increased  mucosal 
permeability.  Increased  absorption  of  hydrochloric  acid  by  the 
gastric  mucosa  has  been  implicated  in  the  etiology  of  erosive 
gastritis  and  benign  gastric  ulcer.  The  gastric  mucosal  barrier  which 
normally  limits  the  "back  diffusion"  of  H*  can  be  altered  by  the 
topical  application  of  urea. 

c.  Approach  to  the  problem;  Proof  that  disruption  of  the  gastric 
mucosal  barrier  is  the  result  of  destruction  of  the  tight  junctions 
between  surface  epithelial  cells  requires  as  a  first  step  the 
demonstration  of  absorption  by  the  gastric  mucosa  of  a  lipid  insoluble 
substance  with  a  large  molecular  radius  to  which  the  stomach  is  not 
normally  permeable.  Accordingly,  in  the  present  study,  the  absorption 
of  phenolsulfonphthalein  (PSP;  MW  354;  mol.  radius  ■  6A°)  from  canine 
Heidenhain  pouches  before  and  after  the  topical  application  of  4M 

urea  was  determined.  In  addition,  the  associated  changes  in  the  net 
fluxes  of  H2O,  H*,  IT**,  and  Cl“  and  the  net  and  bidirectional  fluxes  of 
Na+  were  assayed  to  document  disruption  of  the  mucosal  barrier. 

d.  Results;  PSP  absorption  before  urea  instillation  averaged 
0.13  +  0.4  uM  of  PSP/30  minutes/100  cnr  mucosal  area.  Following  urea 
an  average  of  0.63  +  0.06  uM/30  minutes /100  cnr  mucosal  area  was 
absorbed.  Associated  ionic  and  water  flux  rates  demonstrated 
significantly  increased  "back  diffusion"  of  IT*"  and  influx  of  Na+,  K+, 
and  H2O. 

e.  Conclusion;  The  observation  of  over  a  4  fold  Increase  in 
PSP  absorption  after  urea  instillation  indicates  that  mucosal 
permeability  is  increased  and  suggests  that  increased  effective  pore 
area  may  be  responsible. 

f.  Reconmendat ion ;  PSP  absolutely  must  not  be  used  as  a 
volume  marker  in  studies  in  which  the  integrity  of  the  gastric  mucosal 
barrier  is  being  assessed. 

7.  The  Use  of  Dexamethasone  in  Experimental  Closed  Head  Injury 

a.  Statement  of  problem:  Effective  treatment  of  severe  closed 
head  injuries  continues  to  be  a  major  problem  among  civilian  and 
military  neurosurgeons  alike.  Brain  swelling,  secondary  pulmonary 
changes,  and  altered  cerebral  blood  flow  are  some  of  the  associated 
problems  which  need  further  intensive  study. 

b.  Background :  To  study  these  problems  accurately,  a 
pathologically  similar  and  reproducible  experimental  model  of  severe 
closed  head  injury  has  been  needed  With  the  development  of  this 
model  different  therapeutic  regimes  a"  well  as  the  pathophysiology 
of  head  injury  itself  can  be  studied. 
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c.  Approach  to  the  problem:  During  the  past  year  we  have 
developed  such  a  model  and  successfully  used  it  to  study  the 
efficiency  of  dexamethasone  in  the  treatment  of  closed  head  injury. 
Our  model  consists  of  an  impact  sled,  constructed  at  WRAIR,  and 
propelled  by  a  weight  and  pulley  arrangement,  with  varying  resultant 
accelerations  and  velocity  at  impact  up  to  25  ft/sec.  This  type  of 
model  was  selected  because  it  has  been  shown  that  severe  head  injury 
most  readily  occurs  when  the  head  is  moving  at  the  time  of  impact, 
and  the  sudden  deceleration  results  in  a  differential  of  velocities 
of  skull  and  brain,  producing  shearing  forces  within  the  brain, 

d.  Results:  Following  a  series  of  pilot  studies  we  found  that 
at  an  impact  velocity  of  18  feet/sec,  2.0  -  2.9  Kg  Rhesus  monkeys 
would  sustain  a  head  injury  thereby  leading  to  marked  brain  swelling 
and  death  in  6-18  hours.  The  marked  brain  edema  was  nicely 
demonstrated  by  staining  with  Evans  Blue,  a  vital  dye  injected 
intravenously  10  minutes  post-impact.  This  model  was  then  used  to 
study  the  effects  of  dexamethasone  on  traumatic  brain  swelling,  1  mg. 
intravenously  1  hour  post-impact  and  every  6  hours  thereafter.  All 
treated  animals  were  alive  at  72  hours  post-impact.  They  were 
sacrificed  at  this  time  and  the  brain  exhibited  a  significantly  less 
amount  of  cerebral  edema,  as  evidenced  by  microscopic  examination  as 
well  as  by  Evans  Blue  staining. 

e.  Conclusion:  Dexamethasone  does  have  a  beneficial  effect  in 
the  treatment  of  severe  closed  head  injury  by  its  ability  to  prevent 
the  magnitude  of  swelling. 

f.  Recommendation :  This  experimental  model  will  be  used  to 
further  study  the  pathophysiology  of  head  injury  and  more  precisely 
define  the  limits  of  steroid  therapy. 

8.  Effect  of  In  Vivo  Hepatic  Exclusion  on  Renal  Function 

a.  Statement  of  problem:  Normal  liver  function  was  the  most 
frequent  complication  after  sepsis  in  the  wounded  patient  with  post- 
traumatic  renal  Insufficiency. 

b.  Background :  The  interaction  of  renal  and  hepatic  mechanisms 
is  poorly  understood.  The  study  was  undertaken  to  elucidate  the 
effects  of  hepatic  inflow  occlusion  on  renal  function  during  a  saline 
load.  A  saline  load  was  used  in  the  study  to  determine  if  the  liver 
has  a  direct  influence  on  renal  sodium  excretion, 

c.  Approach  to  the  problem:  The  project  was  undertaken  in  8 
sham  and  8  experimental  dogs  with  side-side  superior  mesenterlc-caval 
shunts.  After  a  1200  ml  saline  load,  the  8  sham  and  8  experimental 
dogs  had  a  50  minute  control  renal  clearance  collection.  Next,  the 
hepatic  artery  and  portal  vein  were  clamped  in  the  experimental  vroup 
and  manipulated  In  the  sham  group.  Twenty  minutes  later,  deers* oe 
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studies  were  performed  for  80  minutes.  At  the  end  of  this  time,  the 
dogs  had  received  2800  cc  of  saline. 

d.  Results ;  During  the  control  period,  the  results  were 
similar  for  the  shim  and  experimental  groups.  During  the  study 
period,  the  sham  dogs  had  a  significant  increase  in  urine  flow  rate 
and  sodium  excretion,  while  the  experimental  dogs  had  no  change  in 
urine  flow  race  and  a  statistically  significant  decrease  in  sodium 
excretion.  When  the  change  in  filtered  sodium  was  correlated  with 
the  change  in  urinary  sodium  excretion  from  the  control  to  study 
periods,  there  was  no  correlation  in  the  sham  group  but  a  significant 
direct  correlation  between  them  in  the  experimental  group.  When  the 
difference  in  response  was  analyzed  in  the  sham  and  experimental  dogs, 
there  was  a  significant  difference  for  urine  flow  rate  and  for  total 
and  fractional  sodium  excretion. 

e.  Conclusions :  The  increased  sodium  excretion  in  the  sham  dogs 
during  the  study  period  was  related  to  changes  in  tubular  reabsorption 
since  there  was  no  correlation  with  filtered  sodium.  However,  the 
changes  in  sodium  excretion  in  the  dogs  with  hepatic  inflow  occlusion 
were  directly  related  to  the  filtered  lu^d  of  sodium.  The  present 
experiment  has  not  given  conclusive  evidence  regarding  the  role  of  the 
liver  in  renal  sodium  excretion  since  two  interpretations  of  the 
results  can  be  offered.  A  natriuretic  factor  may  have  been  operational 
in  the  sham  dogs  which  was  removed  by  hepatic  inflow  occlusion,  thus 
enabling  filtered  sodium  excretion.  On  the  other  hand,  hepatic  inflow 
occlusion  may  have  had  a  direct  but  varying  t f feet  on  both  the 
intrarenal  circulation  and  the  filtered  load  of  sodium  which  was 
superimposed  on  a  natriuretic  factor  which  was  still  present.  Since 
natriuresis,  though  diminished  in  6  of  the  8  sham  dogs,  continued 
after  hepatic  inflow  occlusion,  additional  factors  regulating 
natriuresis  exist  which  operate  independent  of  the  liver. 

f.  Recommendation:  Further  study  of  the  relation  of  the  liver 
to  renal  function  should  include  (1)  distribution  of  body  sodium  in 
the  absence  of  any  ascites,  (2)  the  effect  of  liver  damage  on 
denervated  kidneys,  and  (3)  the  operation  of  neurohumoral  agents  and 
blocking  agents  on  the  kidneys  of  dogs  with  experimental  liver  damage. 

9,  Effect  of  Liver  Damage  on  Organ  Water  and  Electrolytic  Content  and 
Oxygen  Consumption 

a.  Statement  of  problem:  Jaundice  and  liver  damage  are  frequent 
accompaniments  at  sepsis  following  trauma  in  the  wounded  soldier. 

b.  Background:  The  protocol  was  undertaken  to  determine  the 
effects  of  liver  damage  on  the  distribution  of  sodium  and  water  in  the 
body  and  to  see  if  there  was  any  metabolic  depression  of  organs  prior 
to  ascites  formation. 


c.  Approach  to  the  problem:  Non-ascitic  rats  with  common  bile 
duct  division  or  sham  surgery  were  studied. 

d.  Results:  Increases  in  organ  sodium  and  water  were  found 
in  the  liver,  skin,  stomach  and  jejunum  following  liver  damage 
produced  by  common  bile  duct  division.  The  portal  pressure  was 
moderately  elevated  at  this  time  and  total  bilirubin  averaged  10.0 
mg%.  In  vitro  tissue  respiration  was  depressed  for  only  liver  and 
stomach. 

e.  Conclusions :  If  the  changes  in  skin  can  be  attributed  to  loss 
of  fat,  the  remaining  observations  can  be  explained  by  congestion  of 
the  liver  and  portal  system  following  the  common  bile  duct  ligation. 

The  renal  concentrating  mechanism  was  also  studied  in  the  rats  and 
found  to  be  impaired. 


10.  Effect  of  Liver  Damage  on  Respiratory  Function 

a.  Statement  of  problem:  Jaundice  and  liver  damage  have  been 
recognized  as  an  extremely  frequent  accompaniment  of  pulmonary 
insufficiency  with  sepsis  in  the  wounded  soldier.  It  has  previously 
been  recognized  that  the  human  with  chronic  liver  disease  has  multiple 
abnormalities  of  respiration. 

b.  Background:  The  protocol  was  undertaken  to  see  if  respiratory 
abnormalities  were  associated  with  liver  damage  produced  by  common 
bile  duct  division  in  the  rat. 

c.  Approach  to  the  problem:  Non-ascitic  rats  with  common  bile 
duct  division  or  sham  surgery  were  used  in  the  study. 

d.  Results:  Liver  damage  was  associated  with  increased  portal 
vein  pressure  and  splenomegaly,  hyperventilation  respiratory  alkalosis, 
increased  arterial  ammonia,  decreased  arterial  and  venous  partial 
pressure  oxygen,  decre^'cd  oxygen  consumption  with  normal  arterial- 
venous  oxygen  content  difference,  decreased  arterial  partial  pressure 
of  oxygen  on  1007.  oxygen,  lacticacidemia,  decreased  stomach  luminal 
p02  and  a  macrocytic  anemia  that  was  corrected  by  folic  acid  and 
unaffected  by  splenectomy.  Liver  damage  had  no  effect  on  arterial 
percent  saturation  oxyhemoglobin,  arterial  p02  on  127.  oxygen,  in  vitro 
lung  compliance,  and  jugular  or  femoral  vein  ammonia.  The  lung  had 
thickening  of  the  alvolear  septal  walls. 

e.  Conclusions :  Arterial  hypoxia  appears  related  to  intra- 
pulmonary  shunting  of  blood.  Hyperventilation  may  be  due  to  arterial 
ammonia  and  hypoxia. 


11.  Effect:  of  Liver  Damage .  Nephrectomy  and  Metabolic  Acidosis  on 

Stress  Oicers  Induced  by  Restraint 

a.  Statement  of  problem:  Liver  damage  and  jaundice  as  veil  as 
septic  acute  renal  insufficiency  are  all  associated  with  a  high 
inciderce  of  stress  ulcers  in  the  wounded  soldier. 

b.  Background:  The  protocol  was  undertaken  to  determine  if  the 
incidence  of  restraint-induced  gastric  ulcers  could  be  Influenced  by 
liver  damage  or  by  acute  renal  failure  or  metabolic  acidosis. 

c.  Approach  to  the  problem:  Rata  underwent  either  sham  operation 
or  nephrectomy „  comm  bile  duct  division  or  ammonium  chloride 
administration. 

d.  Results;  Compared  to  sham  operated  rats,  die  rate  with 
nephrectomy  when  studied  at  12,  24,  30  and  48  hours  post-nephrectomy 
had  r.o  Increase  in  the  Incidence  of  gastric  lesions.  This  occurred 
despite  presence  of  a  metabolic  acidosis  and  a  narked  increase  in 
gastric  acid  production  in  the  nephrectomieed  rats.  When  metabolic 
acidosis  wee  produced  by  asocniua  chloride  administration  for  five 
days,  there  was  a  narked  increased  incidence  of  gastric  erosions  but 
not  ulcers.  Nephrectomy  had  no  influence  on  gastric  lueinal  pOj  cr 
arterial  pCb.  Nephrectoelted  rats  were  studied  in  restraint  with  blood 
urea  nitrogen  be.»een  70  and  220  mgl  and  plasma  potassium  of  6,0  to 
11.0  mEq/L.  Rats  with  coraaon  bile  du_£  division  demonstrated  a  sharp 
increase,  in  gastric  erosions  and  ulcers.  Stomach  in  vitro  respiration 
was  depressed  with  succinate  solution,  and  the  gastric  lininal  p02  was 
depressed  and  tissue  water  was  increased. 

e.  C-cr  elusions :  Acute  renal  failure  ?bove  appears  to  have  no 
nfluence  on  stress  ulcer  production  in  the  rat.  However,  since  there 

was  a  near  rlgviiiicant  increase  in  gastric  erosions  with  nephrectomy, 
it  is  po3sii.lt.  that  neuhrcctor/  right  be  potentiated  b_.  other  variables 
following  trauma  and  in  this  aa.ner  contribute  to  stress  ulcer  formation. 
However.,  liver  dam'vge  appears  to  contribute  to  the  development  of  stress 
ulcere  in  this  model.  This  appears  related  to  congestion  of  the  stomach 
and  impaired  oxygen  utilization. 


12.  Repair  ot  Anterior  Cruciate  Ligament 

a.  Statement  of  problem:  Rupture  of  the  anterior  cruciate 
ligament  in  the  dog  is  the  nest  connon  clinical  condition  of  the  stifle 
joint.  It  is  a  cotanon  problem  of  sentry  and  scout  dog?.  Repair  has 
been  largely  unsuccessful  in  spite  of  a  variety  of  surgical  procedures 
which  have  been  tried  which  work  well  in  the  h'jaan. 
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b.  Background :  The  llganent  may  rupture  due  to  trauna  or 
unusual  stress  but  often  is  the  product  of  degenerative  changes  in 
the  joint.  Except  for  the  size  of  the  ligament  and  the  intra- 
articular  position  of  the  tendon  of  the  extensor  digitorum  longus 
muscle,  the  anatomy  of  the  stifle  joint  of  the  dog  and  the  knee  of 

the  man  are  essentially  the  same.  The  cruciate  ligaments  are  critically 
important  to  the  stability  of  the  canine  stifle  joint.  Due  to  normal 
angulation,  the  stifle  joint  in  the  dog,  even  in  standing  position, 
requires  the  support  of  the  cruciate  ligaments  to  prevent  anterior- 
posterior  movements  of  the  demur  on  the  tibia.  This  support  is  even 
more  crucial  upon  motion  of  the  joint.  The  situation  is  somewhat 
different  in  aan  as  the  normal  angle  of  the  knee  is  170  degrees  in 
standing  position,  and  quadriceps  muscles,  if  strengthened  by 
exercises,  may  give  sufficient  support  to  the  involved  joint.  Thus 
in  some  cases  surgical  correction  nay  not  be  necessary. 

c.  Approach  to  the  problem:  There  are  several  ways  of  repairing 
the  cruciate  ligament.  All  of  the  methods  reviewed  claimed  some  rate 
of  success,  but  none  of  the  techniques  have  been  experimental ly 
evaluated  and  statistically  compared.  Confusion  remains  as  to  the 
advisability  of  using  any  procedures.  The  purpose  of  our  project  was 
to  select  five  of  the  most  promising  surgical  techniques  and  compare 
then  under  controlled  experimental  conditions  and  statistically 
determine  the  most  successful  procedure. 

Experimental  subjects  are  5G  adult  be-'^les.  The  anterior 
cruciate  ligament  is  surgically  severe  1  in  either  hind  leg  and  the 
dogs  are  separated  into  five  experimental  groups.  In  ?-10  days  the 
cut  ligament  is  repaired  using  one  of  the  five  selected  procedures. 

All  dogs  are  evaluated  physically  and  radiographically  during  the 
three  months  following  surgery. 

Study  is  continuing. 
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23  (0)  To  examine  in  depth  several  factors  that  contribute  to  or  result  from  defective 
tissue  oxygenation  and  blood  supply  following  combat  injury  and  shock,  such  as  (a)  pul¬ 
monary  insufficiency  and  oxygen  toxicity,  (b)  alterations  in  the  oxygen  transport  char¬ 
acteristics  of  stored  blood,  (c)  the  microaggregates  of  leukocytes  and  platelets  that 
develop  in  stored  blood  and  in  vivo  following  shock  and  trauma,  and  fd)  the  alteration 
in  energy  metabolism  of  the  gastric  mucosa. 

24  (U)  Experimental  models  have  been  developed  to  study:  (al  pulmonary  oxygen  toxicity 
with  a  double  respirator  tha.  allows  exposure  of  one  lung  to  pure  oxygen  and  the  other 
to  room  air;  (b)  tissue  oxygen  transport  in  the  isolated  hind  limb  with  a  membrane  oxy¬ 
genator;  (c)  intravascular  microaggregation  with  a  particle  counter  which  measures  the 
size  distribution  of  particles  in  blood  during  storage,  shock,  hypoxia,  cardiopulmonary 
bypass  and  related  conditions;  (d)  gastric  mucosal  3erobic  and  anercbic  metabolism 
following  shock  and  stress. 

25  (U)  70  07  -  71  06  Oxygen  has  been  shown  to  have  a  dire  -t  toxic  effect  on  the  lung  r.ot 
related  to  its  systemic  actions.  The  development  of  the  aggregates  in  stored  blood  has 
been  studied  ar.d  an  evaluation  of  various  bicod  filters  has  found  that  Dacron  wool  is 
the  most  efficient  filter.  Studies  in  dogs  and  rats  have  shown  that  gastric  mucosal 
oxygen  tension  falls  during  shock  and  lactate  production  increases.  Studies  have  been 
initiated  ti  relate  pulmonary  insufficiency  following  massive  transfusion  to  the  amount 
of  particulate  debris  infused  into  baboons  and  to  compere  the  oxygen  transport  charac¬ 
teristics  of  stored  and  fresh  blood  in  the  isolated  h’nd  limb  ci  the  dog.  For  tech¬ 
nical  report  see  Waiter  Reed  Army  Institute  of  Research  Annual  Progress  Report, 

1  Jul  70-30  Jun  7i. 
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Work  Unit  122,  Anesthesia  and  pulmonary  complications  of  combat  injury 
Investigators. 

Principal:  LTC  Edgar  0.  Yhap,  MC 

Associate:  MAJ  Jack  A.  Zeller,  MC*;  MAJ  Phillip  M.  Levin,  MC; 

MAJ  Robert  T.  Solis,  MC;  COL  Robert  T.  Cutting,  MC 

1.  The  Effect  of  High  Inspired  Oxygen  Tension  and  Its  Relationship  to 

Oxygen  Toxicity. 

a.  Statement  of  the  problem:  .  High  inspired  oxygen  tension  produces 
pulmonary  oxygen  toxicity. 

b.  Background:  The  consequences  of  continuous  exposure  to  oxygen  at 
1  atmosphere  include  decreases  in  oxygen  uptake,  infection,  atelectasis, 
and  destruction  of  pulmonary  parenchyma. The  role  of  the  respirator 
in  the  pathogenesis  of  the  pulmonary  lesion  has  been  difficult  to 
evaluate . 3 

c.  Approach  to  the  problem:  Using  5  control  and  10  experimental  dogs 
tracheostomy  was  performed  and  a  double  lumen  endotracheal  tube  was  in¬ 
serted  into  the  trachea.  In  the  experimental  animals  one  lung  was  ven¬ 
tilated  with  1007.  O2  and  the  other  with  room  air;  p02,  PCO2,  and  pH  and 
oxygen  consumption  determinations  were  made  every  six  hours.  These 
animals  were  then  maintained  on  Acepromazine  and  ventilated  until  death. 
Another  group  of  animals  was  ventilated  with  air. 

d.  Results  and  discussion  of  the  results:  After  72  hours  of  con¬ 
tinuous  ventilation,  the  lungs  that  received  1007.  oxygen  were  strikingly 
different  from  the  air  lung.  The  oxygen- treated  lungs  were  heavy  and 
boggy  and  microscopically  showed  interstitial  edema,  the  presence  of 
hyaline  membranes,  destruction  of  capillary  endothelium  and  alveolar  epi¬ 
thelial  cells.  There  were  no  lesions  on  the  air-ventilated  side. 

e.  Conclusion:  Pulmonary  oxygen  toxicity  is  a  local  phenomenon 
caused  by  the  direct  effect  of  O2  upon  the  alveoli  and  is  independent  of 
the  level  of  hyperoxemia. 

f.  Recommendation:  Patients  should  be  given  oxygen  sufficient  to 
maintain  physiologic  levels  only  of  arterial  oxygen  tension.  Mechanisms 
of  oxygen  toxicity  await  biochemical  and  enzymatic  study. 
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2.  Relationship  of  Oxyhemoglobin  Dissociation  Curve  and  Oxygen  Uptake 


a.  Statement  of  the  problem:  The  position  of  the  oxyhemoglobin 
dissociation  curve  is  to  a  great  extent  controlled  by  the  interaction 
of  organic  phosphates  (2,3  DPG)  within  the  red  cell,  with  hemoglobin. 

A  shift  to  the  left  of  the  oxyhemoglobin  dissociation  curve  is  usually 
accompanied  by  a  fall  in  2,3  DPG  level,  thus  increasing  hemoglobin- 
oxygen  affinity  and  theoretically  decreasing  the  efficiency  of  oxygen 
delivery  to  the  tissues.  Storage  of  RBC  for  greater  than  one  week  has 
been  shown  to  cause  a  decrease  of  red  cell  2,3  DPG  and  an  increased 
affinity  of  hemoglobin  for  oxygen. 

b.  Approach  to  the  problem:  Under  anesthesia  500  cc  of  blood  were 
withdrawn  from  each  of  10  dogs  and  stored  in  ACD  solution  under  normal 
blood  banking  conditions.  On  the  21st  day  each  animal  was  anesthetized 
and  another  500  cc  of  blood  were  Withdrawn.  The  circulation  of  one  hind 
limb  was  isolated  from  the  rest  of  the  animal  and  the  iliac  artery  and 
vein  were  cannulated  and  ligated.  The  extremity  was  perfused  alternately 
with  21-day  old  banked  blood  and  with  the  fresh  blood  by  means  of  a 
roller  pump  with  an  in-line  membrane  oxygenator. 

c.  Results  and  Discussion  of  the  Results:  Banked  dog's  blood  21 
days  old  has  a  P50  value  of  17-18  ram  Hg  while  fresh  ACD  blood  has  a  P5Q 
of  24  mm  Hg.  Fresh  heparinized  blood  has  a  P50  of  29  mm  Hg.  There  is  an 
increase  in  oxygen  uptake  noted  in  2  of  3  perfusion  studies  carried  out 
thus  far. 

The  study  is  continuing. 


Microaggregation  in  Whole  Blood 


a.  Statement  of  the  problem:  The  pulmonary  insufficiency  after  trauma 
has  been  attributed  to  embolization  of  the  microaggregates  in  stored  blood. 


b.  Background :  Previous  methods  of  quantitating  these  microaggre¬ 
gates  consisted  of  measuring  the  screen  filtration  pressure  of  blood  or 
weighing  the  debris  retained  by  the  standard  transfusion  filter.  However, 
in  order  to  study  the  effects  of  these  microaggregates,  a  new  method  of 
measuring  them  had  co  be  developed. 


c*  Approach  to  the  problem:  The  size  distribution  of  the  microaggre¬ 
gates  in  blood  has  been  measured  by  utilizing  the  Model  T  Coulter  Counter, 
previously  used  in  industry  but  not  in  medical  investigation.  It  counts 
the  number  of  particles  at  15  different  volume  sizes  (from  8  to  164  u  in 
equivalent  spherical  diameter)  simultaneously. 


d.  Results :  Initial  studies  quantitated  the  rate  of  development  ol 
the  microaggregates  in  blood  stored  in  ACD  under  standard  blood  bank 
conditions.  An  evaluation  of  various  blood  filters  was  then  performed 
which  demonstrated  the  ineffectiveness  of  the  standard  Fenwal  transfusion 
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filter  (170  |u  pore)  as  compared  to  a  small  pore  (40  p)  or  Dacron  wool 
filter.  Subsequently  the  effects  of  centrifugation,  anticoagulants, 
temperature  and  other  variables  on  the  physical  characteristics  of  these 
microaggregates  have  been  studied. 

e.  Conclusion:  A  system  that  quantitates  the  size  distribution  of 
the  microaggregates  in  blood  has  been  developed  which  can  be  further  used 
to  study  their  physiologic  effects. 

f.  Recommendation:  A  more  effective  clinical  blood  transfusion 
filter  must  be  developed.  Assessment  of  new  filters  should  include  a 
physiological  correlate  system  as  well  as  current  methods  described 
above. 
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to  measure  alterations  in  homeostasis  produced  by  disease  or  drugs.  Provide  clinical 
support  and  teaching  for  the  Walter  Reed  General  Hospital. 

25.  (U)  -  70  07  -  71  06.  Investigation  r.f  alterations  in  metabolic-normone-energy-fuel 
relationship  induced  by  trauma,  immobilization,  infection,  3no  drugs  were  conducted. 
These  special  studies  have  included  use  ol  radioimmunoassay  techniques,  whole  body 
radioactive  counting,  metabolic  balance  studies,  and  a  dual  i-olrpe  procedure  for  assess 
lag  rates  of  degradation  and  release  of  tnvroid  hormone.  St  'dies  evaluating  osteoporusi 
and  hypercalcemia  which  result,  in  renal  stones  and  prolonged  convalescence  in  patients 
immobilized  with  war  wounds  and  fractures  have  revealed  that  serum  ionized  calcium  is. 

f iftcnient.Ly  high  while  total  serum  calcium  is  usually  normal  Alkali  and  thiazide  reduce 
tin  vpsrcalciuri  a  bat.  not  the  ionized  calcium.  Ionized  calcium  has  be  or.  an  excellent 
diagnostic  tool  for  hyperparathyroidism.  Dudl  isotope  studies  ol  thvroid  function  dat¬ 
ing  malaria  infection  reveal  decreased  th'ioxme  release.  F.v 
studies  Indicates  that  no  significant  do  nova  purine  hiosynth 
parasites  and  that  preformed  purines  are  utilized  via  salvage  p«hwj:y_. 
laboratory  is  providing  support  in  a  stony  to  evaluate  the  t  ot  a  ,t  im.tiuvi.il  drugs 

on  endocrine  function.  For  technical  reports  sot  Reed  A rriy  Inst i fit.  ot  Research 

Annual  Progress  Report,  !  Ju.’  ,A  ' - 
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Task  0\>,  Military  let*  raal  Mtdlcic* 

*ork  Unit  120,  Metabolic  response  to  disease  and  injury 
investigators. 

Principal:  LTC  Jerry  M.  Earil 

Associates:  Marcus  Schaaf .  S.D. ;  MaJ  Leonard  Wartofsky,  SC; 

MAJ  Vliliaa  J.  Howard,  MC;  MAJ  Richard  C.  Dlaood, 

SC;  Joseph  Sntoc,  Ph.D. 

Description. 

This  work  unit  is  concerned  with  iz:  estimations  into  tasic  aechatr- 
isas  of  disease  or  &l  1 itarv  importance  and  the  aetiLolic  response 
of  patients  during  stress  of  disease  and  injury  to  provide  ration; 1 
approach  to  therapy.  Metabolic  balance  studies  a^  utilized  wit  i 
precise  collections  of  biologic  samples  from  patients  during  rijri  i 
control  cf  diet,  drugs,  and  activity.  In  addition,  support  1s 
af forded  Valter  Reed  General  Hospital  in-training  house  staff, 
four  endc  rine  fellows,  diagnosis  and  treatment  of  endocrine 
patients .  and  technical  laboratory  support  to  other  departments. 

Toe  unit  aa in tains  the  capability  of  mounting  field  studies. 

Progress 

i.  Calciuar  Metcbolisa. 

baabiiizatioa  and  bed  rest  resulting  fro®  any  injury  or  illness 
are  characterized  by  negative  nitrogen  and  calciu®  balance.  Many 
war  injuries  result  in  prolonged  inactivity  and  the  longer  the 
period  of  isatobilization,  the  greater  the  Increase  of  complications 
and  s*av  rehabilitation.  Hypercalciuria  and  negative  calcium  balance 
are  almost  a  universal  phenomenon  in  70-jng  nea  at  bed  rest. 

Studies  cf  the  endocrine  metabolic  changes  occurring  in  10  inoobil- 
ized  orthopedic  patients  arid  5  nomai  coles  ages  20-24  year. 

Negative  calcium  balance  will  be  3  sajor  concern  during  prolonged 
space  travel.  Abnormal  elevations  of  serur.  ioned  calciua  [Ca'J+] 
(Orion  electrode}  were  found  in  24  of  3d  determinations  in  the 
orthopedic  patients  (i.23  -  1.6G  oH/1,  mean  i.3«)  compared  to  values 
in  397  normal  subjects  (1.22  +  ..10  aM/1  =  mean  +  2  S.I».).  Corre¬ 
sponding  total  serum  calcium  values  (TCa)  were  normal  in  25  cf  36 


determinations  (<10.2  mg/100  ml).  Normal  males  were  studied  on  a 
metabolic  ward  during  8  days  of  normal  ambulation  (NA),  12  days 
of  bed  rest  (BR),and  4  days  of  reambulation  (RA) .  Daily  measure¬ 
ments  of  [Ca++],  TCa,  and  urinary  calcium  (UCa)  were  made.  By  the 
sixth  day  of  BR  [Ca++]  rose'  to  abnormal  levels  (1.40  -  1.48  mM/1) 
and  remained  elevated  until  RA.  Only  4  of  59  TCa  values  were 
abnormal  during  BR  (10.3  -  10.5  mg/100  ml).  UCa  increased  the 
first  day  of  BR  and  progressively  increased  until  RA.  Alkali 
treatment  of  2  additional  normal  subjects  with  20  to  25  Gms 
equimolar  sodium  and  potassium  bicarbonate/day  prevented  the  in¬ 
crease  in  UCa  but  did  not  alter  the  increase  in  [Ca++].  Urinary 
Cyclic  3*5*  AMP  (cAMP)  fell  slightly  during  BR,  and  serum  parathor¬ 
mone  (PTH)  was  normal.  In  view  of  [Ca++]  values  in  range  seen  with 
hyperparathyroidism,  it  is  unlikely  that  PTH  is  responsible,  however, 
its  detection  in  face  of  such  high  [Ca-4-4-]  could  still  leave  it  in 
a  permissive  role.  The  fall  in  cAMP  makes  increased  sensitivity  to 
TPH  less  likely,  unless  the  increased  sensitivity  were  selectively 
affecting  bone.  Urinary  aldosterone  and  corticosteroids  fell 
slightly  during  BR.  (1,2) . 

Studies  have  beeii  conducted  to  determine  the  value  of  thiazides  as 
a  test  in  differentiating  idiopathic  hypercalciuria  and  mild  hyper¬ 
parathyroidism.  Chronic  renal  lithiasis  due  to  idiopathic  hypercal¬ 
ciuria  is  difficult  to  distinguish  from  mild  hyperparathyroidism. 
Thiazide  drugs  are  effective  drugs  in  idiopathic  hypercalciuria, 
but  are  contraindicated  in  hyperparathyroidism  because  they  aggravate 
hypercalciuria.  The  response  of  serum  total  and  ionized  calcium  to 
a  brief  thiazide  challenge  was  explored  as  a  diagnostic  test  of 
normocalceraic  hyperparathyroidism.  Hydrochlorthiazide,  50  mg  q.  12 
hrs,  has  been  administered  to  10  patients  with  normocalcemic  or 
mildly  hypercalcemic  hyperparathyroidism,  to  6  patients  after 
surgical  correction  of  primary  hyperparathyroidism,  and  to  8  patients 
with  idiopathic  hypercalciuria;  all  patients  were  studied  on  a  con¬ 
stant  calcium-phosphorus  intake.  In  all  subjects  urinary  calcium 
decreased  20  to  602,  while  urinary  magnesium,  phosphate  sodium  and 
potassium  rose.  Mean  rise  in  total  serum  calcium  was  +  1  mg%  to 
frankly  hypercalcemic  levels  in  hyperparathyroid  patients  while  in 
subjects  whose  hyperparathyroidism  was  corrected  by  surgery  and 
idiopathic  hypercalciuria,  the  rice  in  total  serum  calcium  was  less 
than  0.5  mg%.  In  response  to  thiazides  ionized  calcium  fell  slightly 
in  post-operative  hyperparathyroid  patients,  and  accounted  for  0  to 
34%  (mean  17%)  of  the  total  serum  calcium  rise  in  hyperparathyroid 
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patients  and  for  7  to  54%  (mean  22%)  in  patients  with  idiopathic 
hypercalciuria.  Thiazide  challenge  seems  a  helpful  adjunct  to 
total  and  ionized  serum  calcium  determinations  in  the  diagnosis 
of  normocalcemic  hyperparathyroidism. 

Serum  ionized  calcium  [Ca44"]  and  total  calcium  (Ca)  were  measured 
in  13  patients  with  proven  diagnosis  and  2  with  presumptive 
diagnosis  of  primary  hyperparathyroidism  (PHP)  to  compare  diagnostic 
accuracy  of  these  two  parameters.  [Ca44-]  was  measured  by  a  flow¬ 
through  calcium  ion-sensitive  electrode  and  (.Ca)  by  atomic  absorp¬ 
tion  spectroscopy.  [Ca44]  in  the  PHP  patients  ranged  from  1.40  - 
1.98  mM  (5.60  -  7.92  mg%) ,  well  outside  the  3  S.D.  of  the  mean 
value  of  1.22+0.15  mM  (4.88+0.60  mg%)  in  397  normal  subjects. 

In  contrast,  5  out  of  15  (Ca)  values,  ranging  from  2.49  -  3.67  mM 
(9.96  -  13.88  mg%)  fell  within  the  3  S.D.  of  the  mean  value  of 
2.29  +0.36  mM  (9.2  +  1.4  mg%)  in  231  normal  subjects.  Parathyroid 
adenomata  (10)  or  adenomatous  hyperplasin  (3)  were  identified  in 
13  patients.  Post-operative  followup  2-11  months  showed  normal 
[Ca44]  and  (Ca)  in  all.  In  the  one  negative  exploration,  [Ca44] 
and  (Ca)  became  and  remained  normal  5  months  post-operatively . 

One  patient  awaits  surgery.  In  4  patients  followed  intra-operatively , 
an  increase  of  0.04  -  0.10  mM  [Ca-"]  above  baseline  values  was  ob¬ 
served  within  2  hours  of  removal  of  adenoma,  followed  by  a  sharp 
drop  to  normal  in  3  patients  within  6  hrs.  In  contrast,  (Ca)  in  3 
of  these  patients  did  not  vary  outside  of  the  normal  range  during 
this  period.  [Ca44"]  can  be  measured  rapidly,  simply  and  reproduci- 
bly.  Its  consistent  elevation  when  (Ca)  fluctuates  in  the  normal 
range  offers  additional  confidence  in  the  diagnosis  of  normocalcemic 
PHP.  (3) 

2.  Thyroid  Metabolism. 

A  study  examining  a  method  to  assess  the  latency,  potency  and  dur¬ 
ation  of  action  of  the  various  antithyroid  drugs,  which  was  presented 
at  the  6th  International  Thyroid  Congress  (Vienna,  June  1970)  has 
just  been  published  in  "Further  Advances  in  Thyroid  Research"  1971'. 

The  method  involves  an  i.v.  injection  of  ^ll-T/,  which  serves  via 
its  deiodination  as  a  continuous  source  of  ^li  which  partitions 
between  thyroid  and  urine  as  would  a  diagnostic  oral  dose.  Hence, 
urinary  I*  excretion  (UI*) ,  varies  inversely  with  thyroid  I*  uptake 
during  the  same  interval.  The  ratio,  UI*/plasma  PBI*  corrects  UI* 
for  the  exponential  decline  in  precursor  PBI*,  and  should  remain 
constant  during  the  steady  state.  Inhibition  of  thyroid  I*  uptake 


962 


should  be  followed  by  a  rising  patio,  the  promptness  of  the  rise 
reflecting  latency  of  onset,  and  its  magnitude  and  persistence 
reflecting  the  potency  and  duration  of  drug-induced  antithyroid 
action.  A  number  of  thyrotoxic  and  normal  subjects  were  studied, 
and  after  single  oral  doses  of  methimazole  (MMI;  30  mg),  NaC104 
or  KSCN  (500  mg) ,  ratios  rose  and  remained  elevated  for  24  to  96 
hours.  Peak  values  of  the  ratio  were  usually  well  in  excess  of 
those  predicted  from  the  previously  measured  thyroid  uptake  of 
This  excessive  UI*  could  only  be  I*  generated  by  intra- 
thyroidal  deiodination.  Following  each  agent,  peak  values  of  the 
ratio  were  not  reached  for  6  to  24  hours,  but  occurred  promptly 
(2  to  4  hours)  when  NaC104  was  given  during  MMI  blockade  (30  mg 
q  6  hrs)  . 

The  conclusions  of  this  study  were  that  these  agents  block  organi¬ 
fication  of  both  internally  generated  iodide  and  that  derived  from 
plasma.  Quantitatively,  the  former  action  is  the  more  important. 
Iodide  derived  from  intrathyroidal  deiodinations  may  not  be  readily 
exchangeable  with  that  derived  from  plasma,  but  may  become  so  dur¬ 
ing  MMI  blockade. 

A  second  study  is  currently  nearing  completion,  which  uses  the 
general  principles  outlined  above  in  that  ^^-I-Ta  is  injected  and 
the  ratios  of  U^J-I/PBUll  were  examined  during  4-5  days  of  therapy 
with  varying  regimens  of  antithyroid  drug,  PTU  or  tapazole  generally 
given  as  a  single  daily  dose  or  in  divided  dosage  (q  8  hrs). 

This  has  been  a  collaborative  study  with  Dr  Sidney  H.  Ingbar  of 
Boston,  and  of  the  total  of  14  subjects  studied  to  date  approximately 
two-thirds  are  better  controlled  by  divided  dose  management.  This 
contrasts  with  reports  by  Monte  Greer  that  patients  achieved  satis¬ 
factory  clinical  control  almost  always  with  single  dose  therapy. 

Another  study  nearing  completion  has  examined  the  effect  of  acute 
malarial  infection  on  thyroxine  kinetics  and  hormonal  secretion  and 
was  done  in  cooperation  with  Dr  John  Arnold  at  Kansas  City.  125I 
was  given  to  label  the  thyroid  and  hence  endogenous  hormone  release 
was  labeled,  while  I-T^  was  given  bo  label  the  blood  pool.  Dur¬ 
ing  induction  of  acute  infection,  changes  in  both  parameters  were 
assessed  by  estimates  of  T/,  degradation  and  release  rates  for  the 
two  varieties  of  hormone.  Studies  have  now  been  completed  on  twelve 
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normal  volunteers  and  i^di-af*  that  acute  malaria  infection  retards 
the  peripheral  disposal  r .  roid  hormone,  and  that  there  is  an 
initial  inhibition  of  thyroidal  hormone  release  from  the  gland  vhich 
is  then  followed  bv  a  compensatory  rebound  in  release  which  continues 
through  a  period  of  convalescence.  We  plan  to  present  this  data  at 
the  meetings  of  the  American  Thyroid  Association  in  Birmingham, 

Alabama  during  October  1971. 

A  fourth  study  involvirg  an  examination  of  thyroidal  release  mechan¬ 
isms  using  the  double-is' tope  technique  desc: ibed  has  been  completed, 
also  in  collaboration  with  Dr  Ingbar,  and  is  soon  to  be  published 
(J.  Clinical  Endocrinology  &  Metabolism  35:  Sept  1971,  in  press). 

Other  work  in  progress  includes  an  examination  of  the  effect  of  drugs 
such  as  salicylates,  adrenergic  blockers,  and  phenobarbital  on  tny- 
roidal  function  and  thyroxine  disposal  utilizing  the  double  isotope 
technique  described  in  che  malaria  study  above,  and  is  designed  to 
examine  the  effects  of  customarily  used  therapeutic  doses  of  these 
agents  on  hormonal  release  and  degradation  rates  in  man.  The  latter 
have  been  shown  to  be  accelerated  in  rodent  studies  and  the  method 
described  represents  a  valid  way  «.o  study  the  problems  in  humans. 

Two  subjects,  one  with  hyperthyroidism  and  one  with  myxedema,  have 
been  so  studied  to  date,  and  the  results  would  indicate  little  effect 
on  these  parameters  by  ordinary  doses  of  phenobarbital  in  man.  More 
patients  will  have  to  be  examined  before  a  definitive  rcut'usioi.  can 
be  reached. 

A  study  of  phenobarbital  induction  of  enzyt*s  in  rat  liver  controlling 
thyroxine  degradation  was  designed  to  examin-.  the  effects  of  drugs  on 
Inducing  or  stimulating  T^  dciodinatlon.  In  some  20  experiments  with 
6-20  rats  per  experiment,  we  have  looke^at  :he  relative  degradation 
rates  of  rat  liver  homogenates  for  T^-  AI  in  control  verses  pheno- 
barbital  treated  rats.  These  experiments  clearly  indicate  significant 
stimulation.  We  are  currently  engaged  in  assessing  the  importance  of 
the  animals  thyroidal  or  metabolic  status  in  regard  to  the  capability 
for  induction  of  this  liver  deiodinating  system. 

Other  animal  studies  done  with  the  same  .in  vitro  (liver  homogenate) 

T^  deiodinating  system,  are  in  progress  examining  the  effects  of 
experimental  malaria  on  thyroxine  degradative  rates. 


3.  Malaria. 


Studies  have  been  conducted  to  determine  the  so’_r.  e  cf  purines  ir. 
malaria  parasites.  Conclusive  evidence  has  been  accumulated  that 
there  is  r.o  significant  de  novo  purine  biosynthesis  and  that 
preformed  purines  are  utilised  via  salvage  patnways.  Currently 
studies  are  under  way  to  determine  which  purine  bases,  nucleosides 
or  nucleotides  are  used  preferentially.  The  mechanism  >f  the 
salvage  pathway  and  its  kinetics  are  being  investigated.  Future 
studies  are  planned  to  look  at  various  inhibitors  cf  purine 
metabolism  in  malaria  parasites  and  to  determine  their  possible 
use  as  an  imalarial  agents. 

4.  Carbohydrate  Metabolism. 

Isolated  fat  cells  have  been  prepared  and  are  currently  being 
employed  to  standardize  a  bioassay  for  insulin.  Using  this  assay 
it  is  planned  to  study  the  biological  activity  of  insulin  on 
cultured  cells  under  a  variety  of  conditions.  For  example,  the 
effects  of  aging,  glucagon,  the  concentration  K+  and  other  hormones 
will  be  assessed  in  terms  of  their  effects  on  insulin  activity. 

Skin  fibroblasts  from  normals,  diabetics  and  various  other  endocrine 
conditions  uill  then  be  grown  in  culture  and  also  studied  by  the 
above  techniques  to  determine  the  biological  effects  of  insulin  in 
these  conditions. 

A  human  insulinoma  has  been  successfully  cultured  by  this  laboratory 
and  is  currently  proliferating  in  cell  culture  and  continues  to  make 
insulin.  Simple  studies  are  currently  underway  to  determine  entimum 
conditions  for  cultures  and  growth  of  these  cells  and  to  maintain 
and  support  insulin  secretion.  Studies  are  currently  being  done  on 
the  effects  of  various  concentrations  of  glucose  in  the  culture  medium 
on  insulin  secretion.  When  sufficient  numbers  of  cells  are  obtained, 
extensive  studies  or.  mechanism  of  insulin  secretion  and  synthesis  are 
planned.  Thest  biochemical  studies  will  be  correlated  with  cell 
structure  determined  by  electron  microscopy.  This  is  the  only 
insulinoma  which  has  been  grown  in  culture  with  the  continued  pro¬ 
duction  of  insulin  and  as  such  offers  an  exciting  ard  very  valuable 
system  for  the  study  of  Insulin  synthesis  and  secretion  by  human  B 
cells . 

Other  endocrine  tumors  will  be  cultured  as  they  become  available. 
Presently,  a  pbeochromo< ytoma  is  in  the  very  earlv  states  cf  tissue 
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culture  and  a  parathyroid  adenoma  will  be  cultured  in  the  very  near 
future. 

5.  Polypeptide  Hormone. 

The  efficacy  of  medroxyprogesterone  in  the  treatment  of  acromegaly 
has  now  been  evaluated  in  six  patients  for  periods  of  one  week  to 
six  months.  The  effect  of  this  drug  on  the  growth  hormone  dynamics 
and  the  signs  and  symptoms  of  this  disease  have  been  thoroughly 
evaluated.  Although  serum  growth  hormone  is  reduced  in  some, 
glucose  metabolism  commonly  deteriorates.  The  data  is  currently 
being  analyzed  and  prepared  for  publication. 

New  immunoassay  techniques  for  .TSH,  FSN  and  LH  are  being  developed. 

A  successful  assay  for  insulin  in  urine  has  already  been  developed. 

As  might  be  expected,  urine  insulin  is  higher  during  the  day  than 
during  the  night  fasting  period. 

A  new  protocol  to  investigate  the  role  of  the  B-adrenergic  receptor 
and  the  ndenyl  cyclase  system  in  mediating  insulin  secretion  in  man, 
and  in  particular  in  patients  with  reactive  hypoglycemia. 

An  immu- or* say  for  cyclic  3’5'  AMP  in  'ine  and  blood  will  be  intro¬ 
duced  during  the  next  quarter. 

Three  members  (fa>.\er  and  two  sons)  of  a  family  with  vasopressin- 
responsive  diabetes  insipidus  were  studied  in  detail.  All  three 
had  abnormal  responses  .o  hy  artonic  saline  Infusion,  as  well  as  to 
fluid  deprivation.  One  meal-  r  was  able  to  concentrate  his  urine 
after  i.v.  nicotine.  All  of  them  responded  to  chlorpropamide  treat¬ 
ment.  The  results  of  the  study  together  with  a  review  of  the  litera¬ 
ture  of  hereditary  vasopressin -responsive  insipidus  were  submitted  to 
the  Annals  of  Internal  Medicine  for  publication. 

6.  Steroid  Metabolism. 

Further  study  of  adrenal  function  during  acute  experimental  malaria 
has  not  suggested  a  significant  role  of  the  adrenal  gland  in  some  of 
symptoms  seen  during  clinical  illnesses.  A  collaboration  study  is 
under  way  with  the  Nutrition  Laboratory  at  Fitzsimmons  to  evaluate 
any  effects  of  common  antimalarial  drugs  upon  adrenal  function. 
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23  (U)  To  find  improved  procedures  to  control  diarrheal  disease.  Present  work  involves 
the  preparation  and  testing  of  oral  vaccines  against  bacillary  dyse:tery,  and  the 
identification  and  characterization  of  agents  involved  in  "travelers  diarrhea". 

24  (U)  Attenuated  dysentery  strains  are  being  developed.  They  are  being  evaluated  for 
safety  in  several  systems  and  are  being  treated  for  potency  in  monkeys  and  ir.  man. 

25  (U)  70  07  -  71  06  One  EL  dysenteri ~e  T  attenuated  oral  vaccine  strain  which  was 
considered  safe  by  .1  aboratory  cri teri a  caused  a  reaction  in  1  of  81  volunteers  who 
received  the  strain  per  os.  A  second  candidate  strain  is  now  being  evaluated.  Two 
further  strains  of  penetrating  £.  col i  -  (0-143  and  0-144)  have  been  tested  for  patho¬ 
genicity  in  volunteers.  These  produced  a  d'sease  indistinguishable  from  bacillary 
dysentery  when  1  x  108  cells  were  ingested.  Doses  of  1  x  108  organisms  failed  to  evoke 
symptoms.  For  technical  reports,  see  Walter  Reed  Army  Institute  of  Research  Annual 
Progress  Report,  1  Jul  70  -  30  Jun  71. 
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The  pathogenesis  of  enteric  disease  is  studied  to  elucicate  the  mech¬ 
anisms  by  which  enteric  pathogenes  produce  sywptoms.  By  understanding 
the  disease  process  improved  procedures  for  p^eventicn  and  treatment  of 
diarrheal  diseases  will  become  evident. 

Progress. 

1.  Vtar.  has  continued  on  the  pathogenesis  of  “non-specific'  diarrhea 
in  adults,  cast  year  we  demonstrated  that  two  enterotoxin-producing 
strains  of  tscherichia  coli  isolated  in  Viet  Mas  were  capable  of  causing 
disease  in  volunteers,  but  one  dysentery- like  strain  of  E.  Coli  (1272) 
failed  to  produce  diarrhea  even  when  fed  in  doses  of  1  x~10^0  cells.  Two 
additional  penetrating  dysentery- like  E.  coli  strains  (1524  and  4608) 
have  now  been  tested.  A  total  of  26  wen  have  ingested  1  x  10®  cells  of 
these  strains.  Twelve  of  these  wen  experienced  severe  disease  which  is 
defined  as  having  a  mi  mini*  of  10  diarrheal  stools  in  a  48-hour  period. 

The  syndrome  differed  from  that  caused  by  the  enterotoxin-producing  strains 
and  included  chills,  fever,  abdominal  cramps  and  bloody  diarrhea.  It  is 
net  presently  known  why  strain  1272  failed  to  cause  disease  in  man  because 
it  acted  in  laboratory  models  in  a  manner  identical  to  strains  1624  and 
4608.  Strains  1624  and  4608,  while  causing  disease  when  1  x  10®  cells  were 
administered,  failed  to  evoke  diarrhea  when  fed  at  a  level  of  1  x  10® 
cells  to  a  total  of  14  men.  However,  when  sodium  bicarbonate  was  fed  prior 
to  the  ingestion  of  1  x  10®  cells  of  E_.  coli  strain  1624,  2  of  3  men  be¬ 
came  ill.  The  disease  pattern  of  one  of  these  men  is  interesting  in  that 
it  is  an  example  of  the  wide  spectrum  of  signs  of  disease  which  these  or¬ 
ganisms  can  produce.  Within  12  hours  feeding,  the  individual  had  a 
non-febrile  course  of  diarrhea  for  8  d*.ys  during  which  the  organism  was 
not  isolated  from  the  stool,  and  the  colonic  mucosa  appeared  normal  at 
sigmoidoscopy.  Tne  disease  appeared  to  be  subsiding  by  the  eighth  day, 
when  the  stools  became  bloody  and  mucoid.  Frank  dysentery  persisted  for 
an  additional  4  days. 

Further  information  concerning  the  activity  of  toxigenic  strains  of 
E.  coli  has  been  accumulated  in  volunteers.  In  cne  study,  the  likely  site 
of  multiplication  of  the  two  pathogenic  strains  irolated  in  Viet  Nam  has 
been  shown  by  intubation  techniques  to  be  the  small  intestine.  In  another, 
an  enterotoxin-producing  strain,  isolated  irom  piglets,  failed  to  cause 
disease  when  fed  in  doses  as  high  as  1  x  10'®  cells. 
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2.  Since  1945,  S.  dysenteriae  1  (S.  sbi  qa )  oas  not  causer*  a  sig¬ 
nificant  amount  of  bacillary  dysentery  and  very  little  resear  on  this 
organism  hcs  been  conducted.  ‘However,  during  the  Das*  three  years,  a 
large  epidemic  with  20.0C0  deaths  has  occurred  in  Central  America  in¬ 
volving  Guatemala,  Honduras,  and  El  Salvador.  Recause  of  the  resur¬ 
gence  of  Shiga  dysentery,  attempts  are  being  made  to  prepare  a  vaccine. 
Shiga's  bacillus  differs  from  all  ether  members  of  the  nenus  Shigella 
in  that  it  produces  an  exotoxir.  which  nas  classically  been  called  a 
neurotoxir .  Recently,  an  exotoxin  of  Shiga  has  been  described  with  en- 
terotoxin  activity,  but  it  is  not  known  whether  the  neurotoxin  and  the 
enterotoxin  are  the  same  substance  with  two  different  activities  or  are 
two  different  products  of  the  bacterial  cell.  The  elaboration  of  these 
toxins  by  the  cell  could  complicate  the  development  of  a  living  attenu¬ 
ated  oral  vaccine.  Our  attempts  to  understand  the  genetic  basis  for  toxin 
production  have  so  far  failed,  and  we  are  continuing  our  efforts  in  this 
area.  Me  have  found  that  mutant  strains  of  S.  dysenteriae  1  which  are 
incapable  of  penetrating  the  bowel  wall,  hut  which  still  retain  the  ca¬ 
pacity  to  produ^  exotoxin,  fail  to  cause  disease  when  fed  in  Ivgh  doses 
(i  x  ion  cells ,  o  monkeys.  A  non-Denetrating  toxin-producing  mutant 
of  S.  dysenteriae  1  was  mated  with  a  trial e  col i  and  a  hybrid  was  iso¬ 
lated  v^iich  had  incorporated  the  xyiose-rhamnose  region  of  the  E.  col i 
chromosome.  In  this  regard  the  hybrid  resembled  the  S..  flexneri  2a 
hybrid  vaccine  strain  which  so  far  has  proved  to  be  safe' in  man.  This 
mutant-hybrid  Shiga  strain  failed  to  cause  disease  in  monkeys  and  pro¬ 
tected  these  animals  against  experimental  oral  challenge  with  virulent 
Shiga  bacilla.  It  was  administered  to  volunteers  in  doses  of  up  to 
1  x  10''  cells.  None  of  fifty  men  who  received  doses  of  either  1  x  106 
or  1  x  108  living  cells  experienced  a  reaction  and  evidence  of  vaccine 
excretion  was  obtained  on  48  of  the  men.  Doses  ranging  from  1  x  109 
to  1  x  1011  cells  were  then  fed  to  a  total  of  31  men.  One  man  who  re¬ 
ceived  2  x  10^0  cells  became  ill  7  days  following  the  administration  of 
the  vaccine  and  organisms  which  has  reverted  to  the  virulent  form  were 
isolated  from  his  stool.  Even  though  six  other  men,  who  were  fed  higher 
doses  (1  x  10H  cells)  did  not  experience  reactions,  this  strain  was  not 
considered  safe  to  use. 

A  second  candidate  hybrid  vaccine  strain  has  been  prepared  which 
has  the  purine  E  region  as  well  as  the  xylose-rhamnose  portion  of  the 
E_.  col i  chromosome  in  its  genome.  We  have  previously  identified  the 
purine  E  region  as  one  site  which  controls  the  ability  of  shig&Viae  to 
penetrate  the  intestinal  wall.  This  hybrid  strain  is  safe  when  fed  to 
monkeys,  and  is  now  being  tested  for  safety  in  volunteers. 
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23.  (U)  Definition  in  genetic  and  molecular  terms  of  the  metabolic,  antigenic  and 
pathogenic  characteristics  of  enteric  bacteria.  We  anticipate  that  it  will  be  possible 
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25.  (U)  70-07-71-06.  In  our  continuing  investigation  of  the  genetic  and  molecular 
aspects  of  intergeneric  bacterial  hybridizations,  we  have  gained  additional  knowledge 
of  the  behavior  of  Escherichia  coll  DNA  when  genetically  transferred  to  Salmonella 
typhosa.  We  have  found  that  S.  typhosa  is  capable  of  recombining  ji.  col!  DNA,  but 


that  such  recombination  occurs  in  no  more  than  cCS  ~f  hybrids  selected  for  receipt 
of  a  particular  E.  coll  gene,  and  is  often  as  low  as  20  to  30%.  Generally,  those 
hybrids  showing  a  low  recombination  percentage  displav  a  high  incidence  of  conservation 
of  the  E.  coll  DNA  in  partial  diploid  condition.  Our  molecular  Investigations  of  the 
physical  nature  of  diploid  E.  coli  DNA  in  S_.  typhosa  hybrids  indicate,  that  It  is 
maintained  in  the  form  of  covalently  closed,  circular,  supercoiled  molecules.  For 
technical  report  see  Walter  Reed  Army  Institute  of  Research  Annual  Progress  Report, 

1  Jul  70-30  Jun  71. 
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Description. 

The  purpose  of  these  studies  is  to  investigate  the  genetic 
characteristics  of  the  metabolic  and  antigenic  changes  occurring 
in  the  enteric  bacteria  as  r  consequence  of  genetic  recombination, 
episomic  transfer  and  transduction. 

1.  An  Escherichia  col.-  ?!fr  strain  with  negative  chromosomal 
markers  was  employed  in  crost»u  w^th  a  Salmonella  typhosa  recipient 
to  study  the  incidence  of  genetic  recombination,  as  distinguished 
from  unstable  partial  diploidy,  in  this  mating  system. 

2.  The  behavior  of  coliphage  X  in  Shigella  flexneri  2a, 
Salmonella  typhosa  and  Salmonella  typhumurium  has  been  studied 

to  develop  new  intergeneric  transductional  hybrids  and  to  provide 
information  on  what  effects  host  bacteria  have  on  "alien"  viruses. 

3.  Molecular  investigations  of  the  physical  nature  of 
diploid  IS.  coli  DNA  in  typhosa  hybrids  indicate  that  it  is 
maintained  in  the  form  of  covalently  closed,  supercoiled, 
circular  molecules. 

Progress. 


1.  Inefficiency  of  genetic  recombination  in  hybrids  biHwuen 
Escherichia  coli  and  Salmonella  typhosa 

We  have,  in  other  studies,  devoted  considerable  effort 
to  examining  the  heterozygous,  partial  diploid  hybrids  formed 
when  E.  coll  Hfr  strains  are  mated  with  S.  typhosa  recipients. 
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However,  the  occurrence  of  genetic  recombination  in  this  mating 
system,  and  the  consequent  generation  of  haploid  S^.  typhosa 
hybrids,  has  previously  received  little  attention.  The  major 
problem  in  studying  recombination  in  the  E.  coli  X  S..  typhosa 
cross  has  been  the  difficulty  invovled  in  differentiating  true 
recombinants  from  stable  partial  diploid  hybrids.  When  the  E. 
coli  gene  inherited  by  the  _S.  typhosa  hybrid  determines  a 
positive  phenotype  character  (as  it  must  to  be  employed  as  a 
selective  marker),  its  diploid  nature  may  be  discovered  by  its 
loss  (by  segregation)  from  the  hybrid.  However,  the  absence  of 
detectable  segregation,  although  suggestive  of  the  haploid  state 
of  an  JS.  coli  gene  in  an  _S.  typhosa  hybrid,  does  not  establish  it. 

It  is  possible  to  demonstrate  the  haploid  state  of  an 
_E_*  coli  gene  in  an  !S.  typhosa  hybrid  when  that  gene  determines 
a  recessive,  or  negative,  phenotype  for  which  the  corresponding 
Salmonella  allele  is  a  dominant  or  positive  determinant.  Although 
negative  donor  alleles  cannot  be  used  as  selective  markers  in  a 
cross,  their  inheritance  as  unstiected  markers  can  be  examined 
as  an  indicator  of  genetic  recombination  and,  consequently, 
haploldy  of  the  hybrid.  We  therefore  employed,  in  matings  with 
S.*  typhosa,  an  JE.  coli  Hfr  strain  having  negative  chromosomal 
markers  located  within  one  minute  of  the  positive  markers  used 
for  selection.  This  Hfr  strain,  designated  WR2009,  has  the 
negative  markers  leu~ ,  arg~  and  mtl~  situated  adjacent  to  the 
positive  markers  ara4-,  rha+  and  xyl4  ,  respectively.  In' crosses 
between  this  donor  and  the  S.  typhosa  recipient,  WR4200,  we 
selected  hybrids  which  had  received  either  the  ara+,  rha+  or 
xyl+  E.  coli  markers  and  examined  them  for  the  presence  of 
unselected  donor  genes.  The  mating  media  always  contained,  in 
addition  to  the  cystine  and  tryptophan  required  by  S^.  typhosa 
WR4200,  leucine  and  arginine,  so  that  hybrids  undergoing  recombination 
for  the  leu  or  arg  donor  alleles  would  not  be  contraselected. 

Hybrids  of  j>.  typhosa  WR4200,  selected  for  receipt  of  the  most 
distal  (latest  transferred)  Hfr  marker,  xyl4 .  displayed  an 
extensive  inheritance  of  the  earlier  transferred  (proximal) 

E*  coli  genes  tna4,  rha4  and  ara4.  Of  101  xyl4  selected  hybrids 
examined,  25  were  of  the  xyl4,  tna4  class,  24  were  of  the  xyl+ 

-£na+  rha4  class,  and  19  were  of  the  xyl4  tna4  rha4  ara4-  class. 

However,  these  hybrids  proved  to  be  unstable,  partial  diploids 
which  segregated  the  inherited  E.  coli  markers.  Eleven  hybrids 
exhibited  only  the  j&I4  Barker,  but  instability  was  obaorved  in 
only  3  of  these.  Only  one  hybrid  expressed  the  negative  donor 
marker  leu-  and  the  only  positive  E.  coli  character  stably  retained 
by  this  hybrid  was  the  associated  ara4'  marker.  Similarly,  one 
hybrid  expressed  the  donor  ar&~  marker,  and  it  retained  only  the 
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associated  rha*  marker.  Significant  inheritance  of  a  negative 
donor  allele  was  noted  only  in  the  case  of  the  mtl~  gene.  Twenty 
of  the  hybrids  expressed  this  gene,  8  of  thenr  being  of  the  xyl+ 
mtl~  type  and  12  exhibiting  the  tna+  marker  (xyl+  mtl '  tna+). 


The  xyl  to  mtl  segment  measures  one  minute  on  the  standard 
time-length  map  of  IS.  coli,  and,  since  all  of  the  mtl~  expressing 
hybrids  appeared  stable  for  the  selected  marker,  we  might  assume 
that  this  length  of  E.  coli  DMA  might  be  haploid  in  these  hybrids. 
The  stability  of  the  tnai~  marker  in  the  12  xyl*  mtl~  tna+  hybrids 
might  indicate  the  presence  of  haploid  segments  of  3  to  4  min  in 
these  hybrids,  although  it  is,  perhaps,  unwise  to  attempt  to  draw 
any  conclusions  from  stable,  positive  alleles.  In  any  case,  the 
situation  in  this  cross  does  appear  to  be  one  in  which  relatively 
short  E.  coli  chromosomal  segments  undergo  recombination,  whereas 
rather  extensive  segments  may  be  conserved  in  the  diploid  state. 

A  similar  situation  was  observed  among  S. *  typhosa  WR4200 
hybrids  selected  for  receipt  of  the  E.  coli  WR2009  rha+  marker. 
Eleven  of  56  rha+  hybrids  examined  expressed  the  closely  associated 
arg~  allele.  These  hybrids  appeared  stable  for  the  selected  marker, 
but  retained  no  other  positive  E.  coli  alleles.  Only  two  hybrids 
exhibited  the  leu"  character  of  the  donor,  and  these  also  retained 
the  associated  ara+  donor  marker,  but  were  unstable  with  regard 
to  the  selected  rha+  gene.  Those  rha+  hybrids  which  also  exhibited 
the  xyl+.  tna+,  and/or  ara+  E_.  coli  markers,  as  well  as  most  of 
those  containing  only  rha^ ,  were  unstable  diploids.  Thus, 
analysis  of  both  the  rha+  and  xyl'*'  selected  hybrids  indicated  about 
a  20%  incidence  of  recombination  at  the  site  of  the  selected 
marker,  and  about  a  70%  incidence  of  partial  diploidy,  with  the 
remaining  10%  of  undetermined  status.  Significant  recombination 
of  the  negative  donor  alleles  was  observed  only  at  the  site  of  the 
selected  marker. 

Hybrids  of  S_.  typhosa  WR4200  selected  for  receipt  of  the 
proximally  transferred  ara+  marker  of  jE .  coli  WR2009  generally 
did  not  inherit  the  more  distally  transferred  rha+  and  xyl+ 
donor  markers.  Of  84  ara*  hybrids  examined,  only  15  expressed 
distally  transferred  IS.  coli  genes,  and  these  hybrids  proved  to 
be  unstable  partial  diploids.  The  leu"  marker  was  expressed  in 
44  hybrids,  all  of  which  appeared  stable  for  the  associated- 
ara+  marker.  The  remaining  25  hybrids  expressed  only  the  ara~*~ 

£•  C°H  marker  and  19  of  these  were  observed  to  segregate  this 
gene.  Inasmuch  as  only  6  hybrids  were  thus  undetermined  as  to 
their  haploid  or  diploid  status,  the  52%  incidence  of  leu" 
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haploidy  is  probably  close  to  being  an  accurate  measure  of 
recombination  at  the  site  of  the  ara+  marker. 

Out  previous  studies  have  placed  considerable  emphasis  on 
the  finding  that  the  majority  of  hybrids  resulting  from  the 
E.  coli  X  S.  typhosa  cross  behave  as  unstable  partial  diploids. 

The present  findings  indicate  that  a  substantial  percentage 

of  recombination  of  E.  coli  deoxyribonucleic  acid  (DNA)  can  take 

place  in  S_.  typhosa,  as  evidenced  by  the  52%  incidence  of  leu 

haploidy  among  the  ara**~  selected  hybrids.  Nevertheless,  S_. 

typhosa  obviously  is  not  capable  of  recombining  15.  coli  DNA 

with  the  efficiency  characteristic  of  its  recombination,  for 

example,  of  the  DNA  of  Salmonella  species.  Moreover,  selection 

of  S.  typhoaa  hybrids  receiving  the  later  transferred  15.  coli 

Hfr  markers  resulted  in  a  lower  recombination  frequency  (20%) 

and  a  higher  incidence  of  unstable  partial  diploid  hybrids  than 

resulted  from  proximal  marker  selection.  The  amount  of  E.  coli 

DNA  which  can  be  retained  in  the  haploid  state  by  S^.  typhosa 

hybrids  appears  to  be  defined  by  chromosomal  segments  which  do 

not  exceed  3  to  4  rair  in  lengths;  however,  very  extensive  J5.  coli 

DNA  segment  (30  min  or  more),  as  we  have  previously  seen,  may  be 

conserved  in  the  diploid  state.  At  the  present  time,  little  is 

known  about  the  recombination  enzymes  of  JS.  typhosa ,  thus 

making' it  difficult  to  assess  their  possible  role  in  the  recombination 

of  coll  DNA.  We  would  expect,  however,  that  the  dissimilarities 

of  the  nucleotide  sequences  of  E.  coli  and  typhosa  DNA's 

as  previously  demonstrated,  is  a  major  factor  in  the  difficulty 

exhibited  by  j3 .  typhosa  In  conserving  E.  coli  genes . 

2.  Behavior  of  coliphages  on  other  genera  classified  in 
the  Enterobactereaccae 


Unlike  bacterial  conjugation,  which  usually  results  in 
extensive  transfer  of  chromosome  from  one  cell  to  another,  bacterial 
viruses,  by  the  phenomenon  of  transduction,  offer  a  system  for 
exchanging  a  limited,  discrete  number  of  genes  between  bacteria. 
Studies  from  thi3  department  have  previously  established  the 
feasibility  of  intergeneric  conjugation  between  E.  coli  and 
recipients  of  other  genera,  such  as  Salmonella ,  Shigella,  Proteus , 
Serratia  and  Vibrio.  Under  appropriate  conditions,  such  intergeneric 
matings  results  in  transfer  of  chromosomal  segments  of  carrying 
size,  yielding  hybrids  altered  in  a  number  of  alleles. 

We  are  now  attempting  to  broaden  such  studies  on  intergeneric 
hybridization  by  developing  intergeneric  transduction  procedures 
which  allow  for  virsl  transfer  of  defined  small  segments  of  host 
DNA  between  different  genera.  Such  studies  in  addition  to  elucidating 
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the  behavior  of  vir  ise-  in  alien  hosts  (an  area  of  investigation 
still  lacking  ir.  knowledge),  would  also  enable  one  to  prepare 
hybrids  of  different  enterics  which  are  solely  altered  in  genes 
controlling  virulence  factors,  LPS  determinants  and  other  medically 
important  bacterial  properties. 

a.  By  means  of  phage  PI,  it  has  been  possible  to 
transduce  genes  of  S_.  flexneri  responsibilities  for  epithelial 
cell  penetration,  a  primary  3tep  in  the  pathogenesis  of  bacillary 
dysentery,  from  one  genus  to  another.  This  locus,  termed  kcpA 
phage  PI  propagated  on  S..  flexneri,  has  been  employed  to  prepare 
intergeneric  E,  coli  hybrids  harboring  the  kcpA*  genes  of  .S.  flexneri. 
Likewise,  S.  flexneri  strains,  which  have  received  the  kcpA"  allele 

of  15,  coll  via  PI  transduction,  have  also  been  prepared  and  found 
to  be  unable  to  penetrate  epithelial  cells. 

The  intergeneric  transduction  of  phage  PI  of  the  E.  coli 
surface  receptor  for  coliphage  X  penetration  to  IS.  flexneri 
has  facilitated  studies  on  the  behavior  of  X  phage  on  £.  flexneri. 

Such  studies  have  revealed  the  following  results: 

In  addition  to  the  necessity  for  the  15.  coli  surface  receptor 
to  be  expressed  by  S_,  flexneri ,  the  adsorption  of  coliphage  X 
is  affected  by  the  smooth  somatic  0  antigen  determinants  of  _S. 
flexneri.  This  smooth  LPS  layer  appears  to  block  or  interfer 
with  the  adsorption  process.  Rough  mutants  of  flexneri  hybrids 
expressing  the  X  surface  receptor  have  been  shown  by  adsorption 
and  efficiency  of  plating  experiments  to  be  more  efficiently 
infected  by  coliphage  X  than  smooth  derivatives  of  the  same  strain. 

Upon  infection  of  j5.  flexneri,  coliphage  X  appears  to 
replicate  normally  and  is  capable  of  lysogenizing  near  the  galactose 
genes  of  the  IS.  flexneri  chromosome.  Such  X  lysogenic  flexneri 
can  be  induced  to  yield  both  functional  infectious  particles 
(X)  and  defective  (Xdg)  particles  able  to  transfer  inf ergenerically 
Sh  flexneri  genes . 

Restriction-modification  studies  on  the  intergeneric  level 
have  shown  that  S.  flexneri  does  not  restrict  (_L,  ,  dest-pv  the 

DNA)  X  phages  propagated  on  E.  coli  strains  h-12,  B  and  C.  S. 
flexneri ,  however,  is  able  to  mrdrfv  X  DNA,  since  *  phage  grown  on 
S.  flexneri  Is  restricted  by  F.  coll  K-12  and  B. 

b.  Saliaonella  typhosa  strains  normally  are  unaffected 

by  X ,  a  lysogenic  bacterial  virus  whose  natural  host  is  Escherichia 
coll  K-12.  By  hybridiaation  using  E.  coli  K— ! 2  us  the  donor  of 
genetic  material  to  S.  typhosa  recipients,  we  have  been  able  to 
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characterize  certain  discrete  regions  of  the  K-12  chromosome 
as  being  required  for  the  propagation  of  coliphage  X. 

Notwithstanding  the  presence  of  30%  of  the  K-12  genome 
including  the  X  receptor  locus,  the  £.  typhosa  hybrid  strain 
WR4255,  which  we  have  characterized  earlier,  remains  unable  to 
replicate  X  to  produce  free  phage  particles.  This  hybrid, 
nevertheless  can  maintain  both  X  prophage  and  the  defective 
phage  element  Xdg  following  transduction  of  the  K-12  galactose 
genes  carried  by  Xdg  in  high  frequency  transducing  preparations 
composed  of  X  and  Xdg. 

E.  coli-S.  typhosa  hybrids  recently  isolated  in  an  Hfr 
strain  of  S.  typhosa  which  have  the  continuous  chromosomal 
segment  including  the  pro*,  are*,  rha*,  xyl*  selective  markers 
were  shown  to  plate  coliphage  X.  In  contrast,  the.  X  insensitive 
S.  typhosa  hybrid  WR4255  does  not  contain  the  xyl*  region  of  K-12. 
These  results  seemed  to  implicate  the  genetic  region  near  the 
xyl*  selective  markers  as  being  necessary  for  X  replication. 

That  this  supposition  was  indeed  the  case  was  established  by 
transferring  to  an  ji.  typhosa  hybrid  containing  only  the  X 
receptor  locus  the  xyl*  region  from  two  K-12  strains,  one  of  which, 
WR2010  transfers  its  markers  in  the  order  Q-tna*  . . .  xyl*  . . .  str* 
while  the  second  Hfr  strain,  WR2020  transfers  its  markers  in  the 
reverse  order  0  ...  str  . . .  xyl*  . . .  tna*  . . .  This  mapping 
procedure  effectively  limits  the  region  required  to  the  position 
of  the  K-12  genome  circumscribed  by  the  origJns  of  the  two  K-12 
Hfr  strains  employed.  Most  of  the  hybrids  isolated  were  diploids 
for  the  tna*  ...  xyl*  region  and  were  susceptible  to  X.  Segregants 
of  these  J>.  typhosa  diploids  which  lost  the  tna*  .  .  .  xyl4  region 
also  lost  their  X  susceptibility.  The  region  of  the  K-12 
chromosome  implicated  in  the  replication  of  X  by  these  experiments 
encompasses  a  10  min  segment  (min  64  to  min  74)  of  the  K-12 
genome  representing  1/9  of  the  chromosome. 

The  necessary  region  providing  WR4255  with  the  ability  to 
replicate  X  was  further  defined  by  a  K-12  episome  F-xy 1*  which 
does  not  possess  the  71  to  74  position  of  the  K-12  chromosome. 
Transfer  cf  this  F-xyl*  episome  resulted  in  the  isolation  of 
WR4255  F-xyl*  hybrids  susceptible  to  X.  These  experiments 
decreased  the  chr:  moaomal  region  to  a  5  min  segment  from  min  66 
to  min  70  or  lees  than  6%  of  the  K-12  chromosome. 

To  define  further  other  gena  regions  necessary  for  X 
replication  which  were  already  present  in  S.  typhosa  hybrid 
WR4255,  the  previously  hybridized  strain  of  S,  typhosa  with  the 
X  receptor  locus  (X  rep4)  only  was  employed  as  a  recipient, 

!*.•  typhosa  X  rep*  hybrids  are  not  susceptible  to  wild-type  X 


or  the  A  £x  mutants ,  although  mutants  of  A  imffl434sx  can  be 
isolated  on  them  a‘  high  frequency.  Addition  of  the  xyi4  region 
by  transfer  of  the  F-xyl4  episome  to  the  S.  typhosa  A  rep4- 
hybrid,  however,  did  not  permit  this  hybrid  to  plate  A  as  was 
the  case  with  WR4255  F-xyl4  containing  hybrids. 

The  inability  of  the  S..  typhosa  A  rep4  hybrid  containing  the 
F-xyl4  episome  to  plate  A  indicates  an  i  ditional  requirement  for  a 
K-12  genetic  locus  within  the  74  to  64  min  region  of  the  E.  coll 
chromosome . 

At  the  present  time,  we  are  unable  to  define  the  specific 
nature  of  the  gene  products  which  are  controlled  by  the  chromosomal 
regions  Involved.  However,  the  use  of  hybrids  containing  either 
none,  one  or  both  of  the  required  regions  should  make  it  possible 
to  analyze  the  specific  functions  of  these  K-12  gene  regions. 

The  availability  of  hybrid  strains  of  j>.  typhosa  which  plate 
A  permitted  the  testing  of  possible  restriction  of  K-12  grown 
A  by  JS.  typhosa  as  well  as  the  possible  restriction  of  j>.  typhosa 
grown  A  by  E,  coll  K-12.  The  results  established  that  A  previously 
grown  on  K-12  was  not  restricted  by  S^.  typhosa,  whereas  A 
propagated  on  j>.  typhosa  was  now  restricted  when  plated  on  E,  coli 
K-12.  This  can  be  explained  by  a  modification  of  the  DNA  of  A 
by  S^.  typhosa  causing  it  to  be  degraded  by  K-12.  These  results  were 
confirmed  in  transduction  experiments  which  showed  that  the  Adg 
element  carrying  the  galactose  genes  of  £.  typhosa  was  restricted 
by  K-12  while  the  K-12  Adg  was  not  restricted  by  £.  typhosa 
hybrid  recipients. 

c.  The  information  derived  from  a  study  of  coliphage 
A  on  S.  typhosa  has  facilitated  the  development  of  a  system  for 
Investigating  genetic  recombination  between  two  unrelated, 
evolutionary  divergent  bacteriophages ;  E .  coli  phage  A  and 
Salmonella  phage  P22.  Since  S,  typhosa  appears  refractory  to 
phage  P22,  a  P22  sensitive  derivative  of  SL  typhimurlum  was 
chosen  for  this  study.  Employing  mutation  techniques  and  intergeneric 
recombination  with  IS.  coll  K“12  Hfr  donors,  a  hybrid  derivative 
of  S^.  typhimurlum  SC19  has  been  constructed  which  has  inherited 
a  number  of  E.  coli  properties  essential  for  sensitivity  to 
coliphage  A,  Originally  derived  by  mating  donor  strain  E.  coli 
K-12  Hfr  P4X6  with  recipient  strain  £ .  typhimurlum  LT7  SC19  and 
selecting  for  the  Inheritance  of  the  donor  xyl4  and  thr4  alleles, 
the  typhimurlum  hybrid  was  subsequently  found  to  have  inherited 
also  the  IS.  coll  mil4- A  rep  locus  needed  for  A  adsorption,  one  or 
more  loci  concernec  with  the  replication  of  wild- type  A  in  S. 
typhimurlum ,  the  matB  negative  donor  allele,  as  well  as  the  E. 
coli  genes  for  type  I  pili.  Since  this  A  sensitive  hybrid  strain 


was  detective  also  in  its  rough  A  lipopolysacrharide  locus  thus 
preventing  efficient  P22  adsorption,  1  lie  defect  was  repaired 
by  conjugation  with  a  smooth  _S .  typhi murium  dur.or,  yielding  a 
j>.  typhimuriua  hybrid  which  expressed  sensitivity  to  both  ,.he 
JE.  coli  phage  A  and  the  typhimurium  phage  ?22.  Preliminary 
results  from  studies  on  this  unique  hybrid  have  revealed  that: 

(1)  The  strain  can  be  lysogenized  individually  with  each 
phage  or  simultaneously  with  both,  and  express  the  expected 
immunity  patterns. 

(2)  Induction  experiments  have  shown  that  the  phages  are 
capable  of  replication  in  this  host- 

(3)  By  infecting  a  A  lysogenic  derivative  of  this  hybrid 
with  phage  P22  and  allowing  the  phage  growth,  presumed  A-P22 
hybrid  phages  have  been  recovered.  Preliminarv  characterization 
of  3  such  phage  hybrids  indicate  that  the  hybrtc  phage  express 

the  host  range  of  coliphage  A.  "he  immunity-repressor  characterizations 
of  existing  phage  hybrids  are  presently  being  performed.  In 
addition,  other  classes  rf  hybrid  phages  will  be  sought. 

3.  Examination  of  circular  DNA  isolated  from  Salnouella 
typhosa  hybrids  obtained  from  matings  with  Escherichia  coli 

a.  Examination  of  _S.  typhesa  hybrids  derived  from  matings 
with  E.  coll  Hfr  WR2010.  The  first  group  of  hybrids  of  J3.  typhosa 
WR4200  which  we  examined  resulted  from  a  mating  with  E.  coli 
Hfr  WR2010.  Hybrids  were  selected  for  receipt  of  the  xy? 

(utilization  of  xylose)  marker  of  tre  donor,  and  abc-'St  30%  of  them 
inherited  also  the  donor  tna+  (production  of  tryptophanase) 
character.  A  total  of  tune  hybrids  (5  containing  the  xy_l+  tr.a* 
markers  and  4  containing  only  the  xyl^  marker)  were  examined 
by  the  dye-buoyant  density  method,  and  4  cf  these  (all  containing 
both  xyl+  and  jtna+  jE.  coli  markers)  were  found  to  contain 
circular  DNA.  Fractionation  of  the  DNA  from  these  hybrids  yields 
a  large  peak  consisting  of  highly  labeled  Salmonella  chromosomal 
DNA  and  a  smaller  more  dense  peak  containing  the  supercoiled, 
covalently  closed  circular  IS.  coli  DNA.  The  ratios  of  counts  in 
the  small  peak  compared  to  the  total  counts  indicates  that  the 
supercoiled,  circular  DNA  comprises  1-2%  of  the  total  DNA  from 
the  cell.  This  is  probably  a  low  estimate  cf  the  true  value 
because  some  of  the  supercoiled  circles  are  undoubtedly  converted 
to  open  circles  or  linear  molecules  because  of  breakage  of  one  or 
more  strands  during  the  extraction  of  the  DNA. 

The  supercoiled  circular  DNA  was  analyzed  in  a  neutral 
sucrose  gradient.  The  sucrose  gradient  provided  additional 
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evidence  Chat  the  DNA  fraction  represented  by  the  small  peak 
in  the  CsCl  gradient  with  ethidiua  bromide  was  in  fact, 

(upercoiled,  circular  DNA;  It  provided  as  well  a  method  for 
estimating  the  molecular  weight  according  to  the  relationship 
described  by  Bazara*  and  Helic3ki. 

The  supercolled  circular  DNA  from  the  4  xyl+  tna+  hybrids 
was  also  examined  by  electron  microscopy.  The  electron  micrographs 
provided  a  means  of  more  accurately  measuring  the  size  of  the 
circular  DNA  molecules  as  well  as  a  confirmation  of  the  circularity 
of  these  molecules.  The  results  of  these  analyses  are  shown  in 
the  upper  part  of  the  tahle.  Three  of  these  hybrids  exhibited 
circular  DNA  molecules  with  a  molecular  weight  of  66  X  10®  daltons 
and  one  showed  a  molecular  weight  of  160  X  10®  daltons.  In  this 
group  of  hybrids,  it  is  not  possible  to  make  any  correlation 
between  the  size  range  of  the  circular  DNA  molecules  and  the 
detectable  E.  coll  genetic  markers,  because  no  markers  were 
available  to  measure  the  inheritance  of  E.  coii  genes  in  the  region 
ivediately  distal  to  the  selected  aryl*  marker.  We  suspect  that 
the  hybrid  containing  the  circular  DNA  of  160  million  molecular 
weight  contains  E.  coli  DNA  from  that  region  in  addition  co  the 
UNA  indicated  by  the  presence  of  the  xyl*  and  tna+  markers . 

Since  segregants  from  these  xyl~*~  tna+  hybrids  could  be 
isolated  which  had  losr  the  inherited  JL.  coli  genetic  markers, 
we  decided  to  examine  ore  of  these,  designated  WR4220,  to  determine 
whether  this  loss  was  accompanied  by  loss  of  the  circular  DNA 
molecules.  The  segregant,  VR42Q0,  was  analyzed  by  the  dye-buoyant 
density  method.  The  only  peak  observed  was  the  chromosomal 
UNA  peak.  There  was  no  peak  corresponding  to  circular  DNA  in 
the  segregant.  In  order  to  determine  whether  restating  this 
segregant  would  again  result  In  hybrids  which  contained  circular 
DNA  molecules,  we  mated  j>.  typhosa  WR420Q  with  E.  coli  Hfr  WR2010- 
The  xyl*  selected  hybrids  from  this  cross  appeared  similar  ir. 
all  respects  to  those  obtained  in  the  earlier  mating  with  3. 
typhosa  WR420G.  Six  xyl*  tna+  hybrids  of  IJ.  typhosa  WX4200  were 
examined  by  the  CsCl-EtBr  method  and  5  of  them,  as  shovr.  in  the 
table  were  found  to  contain  circular  DNA.  Circular  DXA  scj^cules 
from  two  of  these  hybrids,  as  determined  by  electron  microscopy 
were  found  to  have  molecular  weights  of  8«  X  10®  and  16C  X  11° 
daltons.  These  molecules  are  thus  within  the  size  rancj  previously 
determined  for  the  xyl+  selected  hybrids  of  £L  tvphcsa  VT-200. 

We  have  not,  in  the  past,  observed  any  transfer  ci  E-  coli 
diploid  material  from  Jj.  typhosa  hybrids  except  when  that  material 
was  contained  in  cr  Hfr  strains.  Nevertheless,  ve  did  examine 
the  rvl+  tna+  hybrids  which  exhibited  circular  DNA  for  possible 


* 
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transfer  of  the  xyl~*~  marker  to  jL  coll  WRS051.  None  of  these 
hybrids  showed  any  evidence  of  transfer  of  the  xyl  marker. 

The  possibility  was  considered  also  that  the  present  hybrids 
might  contain  a  terminal  marker  episome  derived  from  Eh  col i 
WR2010  (F-ilv) .  However,  none  of  them  showed  any  transfer  of 
the  ilv  (isoleucine-valine  production)  marker  to  the  ilv~  .E. 
coli  recipient  WR3Q26. 

We  examined  also  the  ability  of  the  circular  DNA-containing 
xyl+  tna+  hybrids  to  propagate  the  male  specific  phage  R— 1 7 . 

Inasmuch  as  this  phage  does  not  form  plaques  on  male  derivations 
of  typhosa  WR4200,  the  testing  was  accomplished  by  the  titer 
increase  method.  S..  typhosa  WP.4200  containing  F-lac ,  when 
tested  by  this  method,  showed  a  1000-fold  increase  in  titer, 
but  no  increase  was  observed  with  any  of  the  xyl~*~  tna~*~  hybrids. 

b  .  Examination  of  S.  typhosa  hybrids  derived  from 
matings  with  E.  coli  Hfr  WR2C1.5  and  E.  coli  Hfr  WR2009.  We  were 
interested  in  obtaining  hybrids  in  which  the  genetically  predicted 
extent  of  the  Eh  coli  diploid  material  (from  unselected  marker 
inheritance)  could  be  correlated  with  the  molecular  size  as  determined 
by  electron  microscopy.  Therefore,  we  mated  Eh  typhosa  WR4200 
with  Eh  coli  Hfr  WH2015  and  selected  those  S_.  typhosa  hybrids  which 
received  either  the  rha~*~  (utilization  of  rhamnose)  or  the  xyl 
Eh  coli  markers.  Hybrids  selected  fer  receipt  of  the  rha+  gene 
generally  received  only  that  marker;  approximately  15%  of  these 
rha+  selected  hybrids  also  received  the  distal  tna+  marker,  but 
none  received  the  xyl~*~  gene.  Hybrids  selected  for  receipt  of 
the  xyi  marker  frequently  received  both  proximal  markers  tua+ 
and  rha~r,  although  some  were  obtained  in  which  only  the  xyl* 
and  tna+  markers  were  conserved.  We  were  able  to  isolate  circular 
DNA  from  representatives  of  three  of  these  hybrid  classes,  the 
rha+  class,  the  xyl+  class,  and  the  xyl'*'  tna*  rha"*~  class.  We 
were  not  able  to  isolate  circular  DNA  from  those  hybrids  of  the 
rha+  _tna'  class  which  examined.  We  suspect  that  our  inability 
to  demonstrate  circular  DNA  among  these  rha~*~  tna+  hybrids  was 
due  to  the  fact  that  they  were  very  unstable  with  regard  to  their 
conservation  of  the  inherited  E.  coli  alleles.  The  problem  of 
instability  was  encountered  also  with  some  of  the  previously 
examined  diploid  hybrids  derived  from  mating  with  coli  WP.2010, 
in  which  we  were  not  able  to  demonstrate  circular  DNA.  It  would 
be  expected  that  in  unstable  diploid  populations,  in  which  many 
segregap.t  cells  are  observed  to  have  lost  the  JE.  coli  DNA, 
the  number  of  cells  containing  diploid  material  is  too  small  to 
provide  enough  circular  DNA  for  detection. 


Those  hybrids  derived  from  the  £.  coli  WR2015  X  j>.  typhosa 
WR4200  crosses  in  which  we  demonstrated  circular  DNA  are  shown  in 
the  table.  As  anticipated,  the  smallest  circular  DNA  molecules 
measured  (40  and  42  million  daltons)  were  those  isolated  from  the 
two  hybrids  containing  ovily  the  rha+  marker.  By  comparison, 
the  xyl"*'  tna+  rha+  hybrid  contained  a  circular  DNA  molecule  with 
a  molecular  weight  of  120  million.  An  intermediate  size  of  circular 
DNA  (63  million)  was  isolated  from  the  xyl4-  tna+  hybrid.  Thus, 
the  measurements  of  the  circular  molecules  obtained  from  rha4 
hybrids,  as  compared  with  the  hybrid  containing  the  tna+  and  xyl4 
markers  in  addition  to  rha4,  are  consistent  with  the  notion  that 
the  size  of  the  circular  DNA  is  directly  related  to  the  size  of 
the  inherited  12.  coli  chromosomal  segment. 

We  also  employed  j5.  typhosa  WR422Q  in  a  mating  with  a  different 
E.  coli  Hfr,  WR2009,  in  an  attempt  to  obtain  circular  DNA  molecules 
of  larger  size  than  those  which  we  had  already  Isolated.  The 
selection  of  xyl'1'  hybrids  from  this  mating  generally  results  in 
hybrids  which  conserve  rather  extensive  12.  coli  genetic  segments 
in  the  diploid  state  because  of  Che  position  of  the  selected 
marker  with  relation  to  the  Hfr  origin.  Thus,  xyl'*'  selected  hybrids 
expressing  both  tna+  and  rha4  markers,  but  lacking  the  more 
proximally  transferred  ara^  (utilization  of  arabinose)  marker 
might  be  expected  to  contain  greater  amounts  of  12.  coll  DNA 
than  did  the  xyl*  tna4  rha4  typhosa  hybrids  derived  from  12. 
coli  Hfr  WR2015.  We  examined  7  xyl'*'  tna4  rha4  hybrids  and  one 
xyl4  tna+  hybrid  derived  from  the  E.  coli  WR200*  X  _S.  typhosa 
WR4220  mating  for  the  presence  of  circular  DNA.  Only  the  xy  lT 
tna4  hybrid  yielded  a  positive  result.  The  circular  DNA  extracted 
from  this  hybrid,  also  included  in  the  table,  had  a  molecular 
weight  of  97  million  daltons. 

Summary  and  Conclusions. 

1.  An  Escherichia  coli  Hfr  strain  in  which  three  negative 
chromosomal  alleles  (leu",  arg~  and  mtl**)  were  closely  linked  to 
three  positive  alleles  (era4,  rha4  and  xyl4,  respectively)  was 
employed  in  crosses  with  a  Salmonella  typhosa  recipient,  to  study  the 
Incidence  of  genetic  recombination  in  this  mating  system.  The 
detected  expression  of  the  negative  E.  coli  alleles  in  S^.  typhosa 
hybrids  was  used  to  determine  the  occurrence  of  haploid  recombinants 
as  distinguished  from  partial  diploid  hybrids.  Recombination 
measured  at  the  sites  of  the  distally  transferred  Hfr  markers  xyl*' 
and  rha4  was  about  20Z,  the  majority  of  these  hybrids  being  unstable 
partial  diploids.  Selection  of  a  proximally  transferred  Htr 
marker  (ara4)  resulted  in  a  52X  incidence  of  recombination  as 
determined  by  the  expression  of  leu~  haploidy.  The  lengths;  of 
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CHARACTERIZATION  OF  HYBRIDS  FROM  MATING  OF 


E.  coli  chromosomal  segments  undergoing  recombination  in  these 
typhosa  hybrids  appeared  rather  short  (3  to  4  min  or  less) 
whereas  quite  extensive  IE.  coli  gene  segments  were  conserved  in 
the  diploid  state. 

2.  Studies  on  the  behavior  of  coliphage  A  on  the  othor 
genera  classified  in  the  Lnterobactereaceae  have  led  to  the 
following  conclusions. 

In  a  flexneri  hybrid  recipient,  coliphage  A  behaves, 
for  the  most  part,  as  it  normally  does  in  its  natural  host,  JE. 
coli,  being  able  to  replicate  efficiently  and  to  lysogenlze  near 
the  galactose  genes  of  the  flexneri  chromosome.  Upon  Induction 
of  a  A  lysogenic  £.  flexneri,  both  functional  infectious  particles 
and  defective  phage  particles  (Adg)  are  produced.  Smooth  js. 
flexneri  2a  hybrids  were  found  to  be  poor  in  adsorbing  A.  In 
contrast,  when  the  smooth  LPS  antigen  layer  is  altered  to  a  rough 
state  (either  by  mutation  or  hybridization)  A  was  found  to  adsorb 
efficiently. 

Unlike  So  flexneri ,  typhosa  hybrids  were  found  to  exert  a 
natural  block  on  the  lytic  production  of  A,  although  they  efficiently 
adsorbed  this  phage.  Subsequent  studies  revealed  that  this  natural 
block  can  be  obviated  by  the  addition  of  at  least  two  further 
_E.  coll  genes,  one  located  between  the  malA+  and  xyl  chromosomal 
markers,  the  other  between  the  xyl-ilv  loci.  Such  hybrids,  fully 
sensitive  to  A,  are  being  analyzed  to  determine  the  specific 
functions  of  these  genes. 

Similar  studies  with  a  P22  sensitive  S_.  typhimurium  have  shown 
it  possible  to  prepare  j>.  typhimurium  hybrids  fully  sensitive  to 
coliphage  A  and  Salmonella  phage  P22.  As  with  j>.  typhosa,  the 
natural  block  to  A  replication  was  obviated  by  the  addition  of 
appropriate  E.  coli  genes  from  E.  coli  Hfr  donor  strains.  Such 
So  typhimurium  hybrids  can  be  infected  with  both  phages  to  yield 
hybrid  phages  between  A  and  P22  C+ .  These  are  being  studied 
further. 


3.  Heterozygous,  partial  diploid  S..  typhosa  hybrids  obtained 
from  matings  with  E.  coll  K-L2  Hfr  strains  were  observed  to  contain 
supercoiled,  circular  DI.’A  when  examined  by  the  dye-buoyant  eeasl  ty 
method.  Molecular  weight  determinations  of  circular  DNA  molecules 
isolated  from  a  number  of  So  typhosa  partial  diploid  hybrids  were 
made  by  sucrose  density  gradient  ultracentrifugation  and  electron 
microscopy.  These  studies  revealed  a  range  of  molecular  sizes 
consistent  with  the  presence  in  the  hybrids  of  various  lengths  of 
transferred  E.  coll  chromosomal  segments.  It  was  concluded  that 
the  E.  col  1  Hfr  genetic  segments  transferred  to  the^f-  S.  typhosa^ 


osr, 


* 


hybrids  were  conserved,  In  the  diploid  state,  in  the  form  of 
supercoiled,  circular  DNA  molecules. 
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International  Academy  of  Pathology.  A  chapter  "Current  Aspects  of  Bacterial  Enterotoxins 
see  WauI?tR«^ALvninfM?^ logy,  Springer  Verlag  is  In  preparation.  For  technical  report 

°f  Re5earch  Annual  Progress  Report,!  Jul  70-30  Jun  71.  * 
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Project  3A0621 10A822  MILITARY  INTERNAL  MEDICINE 
Task  00  Military  Internal  Medicine 

Work  Unit  123,  Histopathologic  manifestations  of  diarrheal  diseases 
Investigators. 

Principal:  LTC  Daniel  G.  Sheahan,  MC 

Associate:  A.  Takeuchi,  M.D.;  H.  R.  Jervis,  D.  Nat.  Sc.; 

MAJ  V.  Kao,  MC;  MAJ  R.  Nagle,  MC;  MAJ  J.  Ballo,  MC; 
MAJ  J.  Mooney,  MC 

Problem 


To  better  understand  the  pathogenetic  mechanisms  of  diarrheal  diseases 
with  specific  emphasis  on  those  of  bacterial  origin  which  have  military 
significance. 

Background 

This  department  has  since  its  inception  been  concerned  with  investiga¬ 
tors  on  diarrheal  disease.  Those  mediated  by  bacterial  enterotoxins 
in  addition  to  chose  caused  by  invasion  of  enteric  pathogens  have  been 
continuously  studied. 

Approach 

The  greatest  emphasis  has  been  placed  on  the  study  of  morphological 
alterations  in  diarrheal  disease  states  using  light  and  electron- 
microscopy,  mucin  and  enzyme  histochemistry  autoradiography  and 
Immunological  tracer  methods. 

Results 


The  sequential  changes  in  epithelial  mucosubstances  in  response  to 
staphylococcal  enterotoxin  were  described  (Sheahan  et  al  1970).  These 
alterations  occurred  at  the  same  time  as  the  morphological  and  enzyme 
histochemical  changes  previously  described  from  this  department 
indicating  the  diffuse  effect  of  this  toxin.  A  result  of  this  study  was 
the  decision  to  investigate  the  normal  pattern  of  epithelial  muco- 
substance  distribution  it.  the  gastrointestinal  tract  of  the  commonly 
used  laboratory  animals.  This  Is  currently  in  progress. 

Studies  on  cholera  enterotoxin  showed  that  inoculation  of  the  toxin 
into  the  mesenchymal  tissues  of  the  Intestinal  wall  was  not  associated 
with  fluid  exsorption  in  contrast  to  that  normally  seen  with  Intra¬ 
luminal  Instillation  (Sheahan  and  Sprinz  1971).  This  observation 
provided  further  evidence  for  the  prerequisite  of  cholera  enterotoxin/ 
epithelial  surface  interaction  to  produce  fluid  exsorption  in  the  gut. 
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Collaborative  studies  with  the  Department  of  Applied  Immunology  and  the 
Department  of  Infectious  Diseases,  Baltimore  City  Hospital,  have 
described  at  least  2  different  pathogenetic  mechanisms  by  which  Col i 
organisms  may  produce  diarrheal  disease  (Dupont  et  al  1971).  Some 
strains  mediate  their  pathogenicity  by  their  capability  to  invade  the 
gastrointestinal  mucosa  and  others  by  elaborating  an  enterotoxin.  This 
significant  observation  has  far-reaching  implications  because  the 
currently  used  routine  bacteriological  methods  do  not  differentiate 
between  the  invasive  and  enterotoxin  producing  strains  of  £.  Col i .  A 
chapter  describing  the  recent  developments  in  toxin  mediated  bacterial 
enteric  diseases  is  currently  in  press  (Sheahan  1971). 

Studies  on  the  immunological  aspects  of  experimental  cholera  ha.ve 
indicated  that  parenteral  immunization  of  rabbits  with  cholera  toxin 
produced  a  certain  degree  of  immunity  which  could  be  overcome  with 
massive  infection.  1 gG  was  localized  in  the  crypt  epithelium  and  was 
discharged  into  the  intestinal  lumen  with  specific  enterotoxin  challenge. 
These  observations  were  presented  at  the  annual  FASEB  meetings  in 
April  1971  (Kao  et  al  1971).  A  manuscript,  "Localization  of  cholera 
toxin  in  the  rabbit  intestine,"  has  been  submitted  to  Laboratory 
Investigation  1 n  re v i s ed  f o rm .  ~ 

The  relationship  of  constituents  of  the  normal  bowel  microbial  flora  to 
the  intestinal  mucosa  has  been  studied  morphologically.  Light  and 
electronmicroscopic  observations  have  indicated  a  symbiotic-like 
relationship  of  intestinal  spirochetes  and  intestinal  epithelium  in 
monkey  and  men  (Takeuchi  et  al  1971)  and  also  between  gastric  spirilla 
and  gastric  mucosa  in  monkey  (Takeuchi  1971).  A  series  of  monographs 
describing  the  Invasive  effects  of  various  enteropathogens  have  been 
published  (see  references). 

Investigation  of  the  ingestion  of  salmonella  and  shigella  organisms  by 
mouse  and  monkey  macrophages  revealed  no  difference  in  the  uptake  of 
these  two  organisms.  Studies  of  the  phagocytosis  of  synthetic  liposomes. 
Into  which  known  quantities  of  antigen  may  be  incorporated,  by  mouse 
macrophages  In  vitro  have  been  undertaken  to  further  understand  the  roles 
of  complement  and  antibody  in  phagocytosis. 

Attempts  to  find  a  simple  direct  method  of  immunizing  animals  to  narcotic 
agents  to  detect  specific  antibodies  are  also  being  made  with  the  use  of 
these  synthetic  liposomes. 

The  delineation  of  the  starved  guinea  pig  model  of  duodenal  stress 
ulceration  is  completed  and  a  manuscript  Is  in  preparation. 

Studies  on  th  effects  of  neutron  gamma  radiation  on  the  intestinal 
mucosa  of  conventional  and  germfree  mice  has  been  published  (Jervis  et  al 
1971). 


Other  investigations 


1.  Ultrastructural  studies  comparing  the  morphology  of  canine 
Heidenhaln  pouch  and  normal  gastric  mucosa  Insitu  have  commenced  and 
changes  induced  by  urea  on  the.  gastric  mucosa  are  being  studied 
morphologically  and  physiologically. 

2.  In  collaboration  with  the  Department  of  Surgery,  WRAIR, 
morphological  studies  have  indicated  that  high  alveolar  oxygen  tension 
is  the  primary  cause  of  oxygen  toxicity  in  the  lung  (Yhap  et  al 
manuscript  submitted). 

3.  Studies  using  staphylococcal  enterotoxln  have  indicated  that  this 
toxin  can  also  produce  intestinal  fluid  exsorption  and  increased 
vascular  permeability  but  only  with  doses  largely  in  excess  of  those 
which  are  normally  enteropathogenlc  for  monkeys. 

Support  role 

This  department  continues  to  give  support  to  other  divisions  and 
services  in  their  investigations.  Histochemical  studies  on  both  human 
and  experimental  animal  biopsy  material  from  the  Walter  Reed  General 
Hospital  Organ  Transplant  Service  have  been  performed  and  are  included 
in  a  presentation  to  be  given  to  the  Electron  Microscopy  Society  of 
North  America  (August  1971). 
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transferrin  concentration  are  in  progress.  Various  factors  affecting  the  absotptlon 

of  iron  were  studied  and  biochemical  explanations  for  varying  absorption  of  iron  from 
different  foodstuffs  was  provided.  The  effect  of  protein  deficiency  upon  iron  ab¬ 
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Task  00,  Military  T  t  ll  Medicine 

Work  Unit  125,  Hematolog>  .  nutritional  deficiencies  of  military 
importance 

Investigators. 

Principal:  COL  Marcel  E.  Conrad,  MC 

Associate:  LTC  George  M.  Bernier,  MC,  MAJ  Phillip  P.  Toskes,  KC, 

Mr.  Harold  L.  Williams 

Description. 

Standard  methods  for  the  measurement  of  serum  iron  concentration  in 
serum  specimens  and  for  standardieing  these  methods  were  developed  in 
collaboration  with  ICSH  and  WHO.  Similar  studies  for  standardization 
of  measurements  of  serum  transferrin  concentration  are  in  progress. 
Various  factors  affecting  the  absorption  of  iron  were  studied  and 
biochemical  explanations  for  varying  absorption  of  iron  from  different 
foodstuffs  were  provided.  The  effect  of  protein  deficiency  upon  iron 
absorption  was  quantified  in  animal  experiments. 

Progress  and  Results. 

During  the  last  four  years,  this  laboratory  has  made  and  distributed 
serum  specimens  to  nine  international  laboratories  participating  in 
a  collaborative  undertaking  to  establish  standards  and  standard 
referee  methods  for  measurement  of  iron  and  iron  binding  protein  in 
serun  specimens.  A  method  has  been  developed  which  permits  the  re¬ 
producible  measurement  of  iron  in  serum  specimens  in  the  various 
collaborating  laboratories.  The  method  and  means  of  standardization 
have  been  forwarded  through  the  International  Committee  for  Standardi¬ 
zation  in  Hematology  to  both  the  International  Society  of  Hematology 
and  World  Health  Organization  for  acceptance.  Similar  salutorv  results 
have  net  been  forthcoming  in  the  standardization  of  methods  for  measure¬ 
ment  of  transferrin  in  serum  specimens.  This  measurement  is  important 
because  it  differentiates  bypoferremia  secondary  to  iron  deficiency 
from  that  observed  in  patients  with  chronic  inflammatory  diseases  and 
infection.  Immunologic  methods  have  not  been  highly  reliable  and  re¬ 
producible  because  of  variation  In  transferrin  in  different  serum 
specimens;  this  can  be  demonstrated  by  electrophoresis  -  Further, 
estimates  of  the  molecular  weight  of  transferrin  which  vary  from  68,000 
to  90,000  in  different  studies  make  it  Impossible  tc  cal.'.. ".late  the  amount 
of  iron  which  should  be  bound  to  protein  from  immune! ogi  •:  measure¬ 
ments.  Chemical  methods  of  measurement  of  iron  bound  to  scrum  pro¬ 
teins.  have  been  more  successful  .  Improvements  in  method:-  ha' 'a  produced 
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reproducibility  within  laboratories  during  uitasurerrents  in  batches  of 
materials.  However,  temporal  variation  within  single  laboratories 
and  by  comparison  of  results  ''etweer.  laboratories  remains  tar  greater 
than  can  be  tolerated  for  standard  referee  methodology.  A  number  of 
factors  have  been  identified  in  our  laboratory  during  the  past  year 
which  we  believe  will  markedly  diminish  errors  in  the  procedure. 

These  include:  identification  of  a  buffer  which  does  r.ot  bind  iron, 
proper  control  of  pH  at  all  stages  of  the  procedure  by  the  appropri¬ 
ate  use  of  buffers,  identification  of  factors  which  prevent  complete 
binding  of  transferrin  with  iron  and  methods  to  decrease  the  formation 
of  macrooolecu.lar  iron  which  is  unbound  to  transferrin  from  solutions 
and  prevent  falsely  elevated  values.  Further,  an  independent  metnod 
using  titration  has  been  developed  which  permits  standardization. 

Iron  deficiency  is  widespread  among  populations  consuming  a  protein- 
deficient  diet,  and  it  is  found  with  greatest  frequency  in  womer  dur¬ 
ing  the  childbearing  years  and  in  children  during  periods  of  maximal 
growth.  Among  protein  starved  humans  the  most  important  nutritional 
factors  causing  iron  deficiency  a.  e  the  low  iron  concent  of.  most 
protein-deficient  diets  and  a  lack  of  readily  absorbed  here  in  the 
diet.  Other  factors  which  diminish  iron  absorption  in  protein  de¬ 
prived  populations  are  histologic  alterations  of  the  small  intestinal 
mucosa,  a  diminished  corporeal  stimulus  to  absorb  iron,  a  decreased 
concentration  of  the  amino  acids  in  the  diet  which  facilitate  iron 
absorption  from  the  intestinal  lumen,  chronic  diarrhea  with  increased 
intestinal  motility  and  chronic  infection.  Studief  of  starvation  and 
protein  depletion  in  experimental  animals  showed  ferrokinetic  abnor¬ 
malities  and  diminished  iron  absorption.  This  was  not  caused  by  a 
direct  intraluminal  effect  of  starch  or  sucrose  diets  on  iron  absorp¬ 
tion.  The  abnormality  was  attributed  to  a  retarded  growth  rate  and 
diminished  hemoglobin  synthesis  in  these  animals-  Protein  deprived 
animale  seemed  to  attempt  to  re-establish  and  maintain  a  normal  body 
iron  concentration  by  decreased  absorption  and  increased  excretion 
of  iron.  Animals  receiving  an  iron  replete,  pretein-def ioient  diet 
for  prolonged  periods  developed  anemia  which  was  normccytic  and  normo¬ 
chromic.  A  microcytic  hypochromic  anemia  occurred  only  when  iron  was 
not  added  to  the  protein-deficient  diet.  The  decreased  absorption 
of  iron  resulting  from  protein  depletion  was  not  accompanied  by  in¬ 
creased  iron  content  or  concentration  in  the  duodenal  mucosa.  However, 
in  starved  animals  increased  amounts  of  dialyzable  iron  were  shown  to 
be  incorporated  into  the  duodenum  from  bod>  stores  and  may  act  to 
diminish  the  uptake  of  iron  from  the  lumen  of  the  gut  into  mucosal 
cells. 

The  effect  of  cobalt  upon  iron  absorption  was  studied  because  these 
metals  seem  to  share  a  common  intestinal  absorptive  pathway,  and  it 
was  believed  that  studies  of  competition  and  of  the  similarities  and 
dissimilarities  in  absorption  would  provide  information  of  value  about 
the  absorption  of  each  metal  which  could  not.  be  obtained  otherwise. 
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Cobalt  decreases  Iron  absorption  as  effectively  as  equimolar  amounts 
of  carrier  iron,  7r.c  rp  vhich  influence  the  absorption  of  one  metal 
significantly  affect  the  v.  orption  of  the  other.  Cobalt  does  not 
decrease  iron  absorption  by  a  nonspecific  toxic  effect  upon  the  gut 
or  by  competing  for  intraluminal  compounds  which  enhance  iron  absorp¬ 
tion.  The  lack  of  incorporation  of  iron  into  ferritin  Indicates  that 
ferritin  is  not  involved  in  any  absorptive  pathway  common  to  both 
cobalt  and  iron.  The  capability  of  ferritin  to  hold  absorbed  iron 
in  intestinal  cells  and  prevent  the  transfer  of  unneeded  iron  into 
the  body  could  diminish  iron  but  not  cobalt  absorption.  This  pro¬ 
vides  a  possible  explanation  for  the  observation  that  cobalt  absorp¬ 
tion  is  not  always  decreased  by  conditions  which  diminish  iron  absorp¬ 
tion. 

Studies  were  performed  in  animals  to  determine  the  site  and  mechanisms 
involved  in  the  suppression  of  iron  absorption  by  doses  of  cobalt. 
Significantly  less  iron  was  observed  in  both  the  carcass  and  small 
intestine  of  animals  fed  cobalt  with  test  doses  of  radioiron  than 
in  animals  receiving  iron  alone.  This  suggested  that  cobalt  dimin¬ 
ished  the  mucosal  uptake  of  iron  from  the  Intestinal  lumen.  Iron 
absorption  studies  in  animals  receiving  various  doses  of  iron  with 
and  without  added  cobalt  suggested  that  cobalt  was  capable  of  satur¬ 
ating  a  common  pathway  in  intestinal  absorptive  celle  for  the  absorp¬ 
tion  of  both  metals.  Studies  of  ferritin  synthesis  showed  that  iron 
administered  orally  or  parenterally  enhanced  the  production  of  this 
iron  bearing  protein  in  intestinal  cells.  On  the  contrary,  doses  of 
cobalt  had  no  effect  upon  ferritin  synthesis  showing  that  this  metal 
did  not  exert  its  effect  upon  iron  absorption  through  this  mechanism. 
The  finding  that  parenteral  iron  induced  significant  synthesis  of 
ferritin  in  the  distal  small  intestine  where  iron  is  poorly  absorbed 
suggested  that  ferritin  functions  chiefly  as  a  barrier  to  excess  iron 
absorption  and  an  important  mechanism  for  iron  excretion. 

Conclusions  and  Recommendations. 

An  acceptable  end  reproducible  method  has  been  developed  for  the 
measurement  of  iron  in  serum  specimens  in  our  laboratory  which  has 
been  recommended  for  use  as  a  referee  method  by  WHO  and  the 
International  Society  of  Hematology.  A  similar  requirement  for 
standardization  of  measurements  of  iron  binding  protein  is  needed 
and  is  under  study.  A  better  understanding  of  the  relative  avail¬ 
ability  of  iron  in  various  foodstuffs  Is  needed  in  order  to  make 
recommendations  regarding  the  appropriate  diet  for  people  in  various 
parts  of  the  world  where  iron  deficiency  is  an  important  nutritional 
problem.  An  understanding  of  the  mechanism  by  which  various  constitu¬ 
ents  of  the  diet  and  secretions  of  the  gut  affect  iron  absorption  is 
important  for  the  achievement  of  this  goal. 
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I.  INTRODUCTION 


Three  major  areas  continue  to  be  emphasized  within  the  Department 
of  Psychiatry.  Studies  have  continued  of  effects  of  social  and  psycho¬ 
logical  stress  on  various  hormones  using  animal  and  human  studies.  The 
application  of  behavioral  principles  to  specific  clinical  problems, 
both  neurologic  and  psychiatric,  continues  to  be  studied.  Finally, 
increasing  emphasis  has  been  placed  upon  studies  of  military  mental 
health  principles  and  the  delivery  of  services  with  a  major  focus  on 
drug  abuse  problems. 

II.  HORMONES  AND  BEHAVIOR 


Dr.  Rose  and  MAJ  Kreuz  with  CPT  Jennings  of  the  Department  of 
Experimental  Psychophysiology  have  studied  the  effects  of  stress  on 
hormone  production  among  officer  candidates.  A  company  of  three 
platoons  of  approximately  twenty  men  each  was  studied  in  Oct  1970 
and  March  1971  at  Officer  Candidate  School  (0CS),  The  Infantry  School, 
Fort  Benning,  Georgia.  These  men  were  first  studied  during  the 
fourth  week  of  training  (Oct  1970) ,  generally  rated  as  one  of  the  most 
stressful  periods,  and  during  the  twenty-second  week,  just  prior  to 
graduation.  The  latter  time  was  used  for  comparison  as  men  at  this 
time  were  relaxed  and  confident  of  graduating.  Numerous  measurements 
were  made,  including  the  study  of  urine  and  blood  samples.  CPT  Jennings 
administered  a  questionnaire  designed  to  assess  coping  ability  during 
the  first  period  of  study  to  see  if  ability  to  graduate  could  be  pre¬ 
dicted.  All  men  were  also  interviewed  by  the  three  investigators  for 
approximately  forty-five  minutes  each  during  this  first  study  period. 

An  analysis  of  endocrine,  behavioral,  and  performance  data  is  in  process 
and  should  be  completed  by  January,  1972.  It  is  already  apparent  that 
the  stress  of  OCS  provoked  a  significant  decrease  in  plasma  testosterone 
levels  in  men  studied  to  date.  'This  is  the  first  direct  documentation 
of  this  relationship  in  the  medical  literature.  Plans  have  been  made 
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to  follow  members  of  this  company  to  assess  their  performance  on  their 
first  duty  assignment  in  order  to  compare  this  performance  with  leader¬ 
ship  ratings  during  OCS  as  well  as  to  test  the.  possible  predictive 
value  of  various  psychological  and  endocrine  measuies  made  during 

training. 

In  collaboration  with  CPT  Robert  Lenox,  a  resident  in  Psychiatry 
at  Walter  Reed  General  Hospital,  a  pilot  study  of  be'navioi al-endocrine 
correlates  of  psychiatric  patients  was  begun.  Plasma  samples  on  a 
number  of  patients  with  different  diagnoses  were  drawn  over  a  two  to 
six  week  period,  and  the  relationship  between  testosterone  and  cortical 
response  to  hospital  admission  will  be  studied  along  with  endocrine 
correlates  of  changes  in  clinical  state. 

MAJ  Kreuz  and  Dr.  Rose  completed  a  study  of  21  adult  men  institu¬ 
tionalized  at  the  Patuxent  Institution  for  repetitive  anti-social 
behavior.  Aggressive  and  anti-social  behavior  were  assessed  in  terms 
of  (a)  fighting  in  prison;  (b)  scores  on  psychological  tests  designed 
to  measure  aggressiveness;  and  (c)  hi-story  of  past  criminal  behavior. 
Plasma  testosterone  was  drawn  or.  each  man  six  times  during  a  two  week 
period.  Levels  of  testosterone  did  not  correlate  with  either  frequency 
of  fighting  in  prison  nor  with  psychological  tests.  However,  they  did 
correlate  with  age  of  onset  of  more  violent,  anti-personal  crimes. 

Men  who  had  earlier  histories  of  rape,  murder,  assault,  etc.,  tended 
to  have  higher  plasma  testosterone  levels  in  adulthood.  These  findings 
suggest  that  in  individuals  who  are  susceptible  to  anti-social  or 
criminal  behavior  by  virtue  of  social  and  familial  variables,  the  rise 
of  testosterone  associated  with  normal  onset  of  puberty  may  serve  to 
stimulate  such  aggressive  behavior. 

III.  CLINICAL  STUDIES 


MAJ  Mohr  has  undertaken  the  study  ''Traumatic  Brain  Injury:  A 
Combined  Behavioral  and  Neurophysiologic  Study"  In  the  Neurosurgical 
Ward,  Walter  Reed  General  Hospital.  MAJ  Peter  Williamson,  Department 
of  Experimental  Psychophysiology,  is  co-investigator  on  this  project. 
Patients  with  traumatic  aphasia  and  language  disorders  from  other 
etiologies  and  control  subjects  are  being  studied  in  daily  sessions. 
Patients  studied  include  those  who  have  suffered  gunshot  wounds  to 
the  left,  right  and  bilateral  sides  of  the  head,  multiple  fragment 
wounds  from  booby  traps,  head  injury  from  auto  accidenrs,  ar.d  a  single 
case  of  Herpes  Simplex  encephalitis.  He  has  also  undertaken  work  at 
the  University  of  Maryland  and  has  studied  two  patients  at  that 
institution.  One  was  a  person  with  aphasia  whcse  case  was  presented 
at  the  annual  meeting,  American  Academy  of  Neurology  in  April  1971. 
Another  patient  was  found  to  have  neuronatholegic  findings  which 
appeared  to  be  unique  among  cases  of  hypotension. 
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MAJ  Moss  has  been  collaborating  with  John  J.  Boren,  Ph.D. , 
Professor  of  Psycho’ ~<?y  at  The  American  University,  for  the  past 
two  and  one-half  ye^  •  “udying  the  application  of  operant 
technology  to  psychiatric  treatment  using  video  tape.  This  study 
has  resulted  in:  (1)  programs  for  specifying  psychiatric  problems 
and  treatment  goals  in  operational  terms;  (2)  a  functional  approach  to 
psychiatric  classification;  and  (3)  specific  operant  treatment 
procedures  for  certain  psychological  disorders.  He  has  also  been 
involved  in  the  development  of  bio-feedback  apparatus  for  conditioning 
of  blood  pressure  in  hypertensive  patients.  This  apparatus  has  been 
designed  and  constructed.  However,  due  to  problems  in  the  pick-up 
mechanism,  it  has  not  proven  of  sufficient  reliability  to  begin 
studying  patients.  Evaluation  is  underway  oi  3  new  low-frequency 
microphone  that  will  provide  sufficient  reliability  of  pick-up  to 
begin  a  formal  medical  study. 

IV.  FIELD  AND  PREVENTIVE  STUDIES 


An  effort  was  made  to  establish  a  relationship  between  the  Depart¬ 
ment  of  Psychiatry  and  MEDDAC,  Fort  Meade,  Maryland  for  the  purpose 
of  developing  a  comprehensive  community  mental  health  center  in  a 
military  environment  which  could  serve  as  the  focal  point  of  research 
into  factors  associated  with  prevention  of  behavioral  disturbances, 
the  treatment  of  behavioral  casualty,  and  the  assessment  of  delivery 
of  mental  health  services.  LTC  Segal,  MAJ  Bardill,  CPT  Ingraham  and 
Dr.  Marlowe  primarily  were  responsible  for  developing  this  program. 

Data  were  being  gathered  about  the  functioning  of  the  clinic  and 
certain  clinical  programs,  especially  in  the  area  of  drug  and  alcohol 
abuse ,  and  the  establishment  of  inpatient  services  at  Kimbrough  Army 
Hospital  were  proceeding  well  when  the  project  was  abruptly  ended  in 
January  1971. 

The  major  focus  of  field  studies  then  switched  to  that  of  programs 
related  to  drug  abuse.  MAJ  Grosshans,  an  epidemiologist  from  the 
Division  of  Preventive  Medicine  had  become  chief  of  an  interdisci¬ 
plinary  team  within  the  Department  of  Psychiatry  whose  task  it  was  to 
develop  and  carry  out  field  research  on  the  problem  of  drug  abuse. 

They  were  to  determine  aspects  of  the  problem  which  required  further 
research,  and  were  to  develop  a  set  of  research  protocols  which  would 
provide  an  integrated  and  comprehensive  clinical  research  program. 

This  basic  research  was,  in  part,  to  provide  the  basis  of  information 
necessary  to  the  organization  of  an  intervention  program  for  drug 
abuse  initially  scheduled  to  begin  in  FY  1973.  KAJ  u'rossh&ns,  MAJ 
Nace,  and  CFT  Ingraham  hove  developed  a  series  of  proposals  to  study 
individual  and  small  group  aspects  of  drug  use  as  veil  as  several 
epidemiologic  surveys. 
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KAJ  Nace  has  undertaken  a  study  to  analyze  drug-taking  pattt.ns 
of  active  duty  personnel  In  their  pre-service  civilian'  lives  arc  in 
their  military  careers,  and  the  relationships  between  drug-i ak.r.g 
behaviors  and  other  behavioral  variables.  A  sen  I-strcc cured  inter¬ 
view  was  constructed  for  use  with  drug  abusing  patients  who  presented 
themselves  for  help  at  mental  hygiene  mice  and  fifty-sis  multi-drug 
using  patients  were  interviewee  extensively,  both  at  reft  Meade, 
Maryland  and  Fort  Carson,  Colorado.  This  group,  in  addition,  teceived 
and  completed  several  standardized,  non-project ive  psychological  tests. 
Preliminary  analysis  of  the  data  is  being  undertaken.  Tc  prepare  fer 
the  study  of  factors  which  influence  the  delivery  of  rental  health 
services  at  a  large  Army  post,  MAJ  Nace  also  analyzed  two  hundred 
medical  charts  at  Mental  Hygier.'  Consultation  Service,  Fort  Meade. 

MAJ  Bar dill  has  completed  a  preliminary  study  relating  to  factors 
Influencing  the  delivery  of  mental  health  services.  The  results  of 
this  preliminary  study  revealed  three  areas  of  importance  in  the 
delivery  of  mental  health  services:  the  existing  Aray  regulations 
specific  to  MHCS's  and  their  impact  on  MHCo  work,  the  training  and 
supervision  of  enlisted  specialists ,  and  the  tasks  and  services 
performed  by  enlisted  specialists.  Basel  on  preliminary  findings,  a 
more  comprehensive  investigation  of  delivery  of  mental  health  services 
has  been  designed  and  is  being  implemented. 

MAJ  Bcrus  is  continuing  his  work  in  studying  returnees  from  the 
Republic  of  Viet  Mam.  He  is  studying  a  prospective  sample  of  1010 
men  during  their  first  six  months  at  a  unit  at  Fort  Meade.  Approxi¬ 
mately  751  of  theae  men  had  returned  from  Viet  Nam  within  a  short 
time  prior  to  their  selection  for  the  study.  He  has  coepl eted  data 
collection  and  is  analyzing  the  results  of  interviews  vr’tfc  seventy 
Viet  Ham  returnees  from  the  ano^e  listed  sample.  He  is  also  contin¬ 
uing  work  on  his  Racial  Perceptiona  Inventory  (S?I).  He  composed, 
pilot  tested,  revised  anc  retested  the  RPI  at  Fort  Sensing,  Georgia 
in  Hov  1970  and  April  1971  and  presented  the  vrelxsxinsrr  results  tc  a 
Department  of  Army  Race  Relations  Conference  at  Fort  Mor.rce,  Virginia 
in  Hov  1970.  He  also  Gas  provided  preliminary  fata  to  the  Air  Force 
University  at  Maxwell  AFB,  Alabama  for  their  race  relations  course  to 
senior  officers.  He  is  presently  scaling  the  items  in  the  inventory, 
working  out  details  to  use  the  RPI  further  at  the  request  of  Schofield 
Barracks,  Hawaii,  Fort  Lewis,  Washington,  and  Walter  Reed  General 
Hospital. 
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Work  Unit  031,  Military  performance  and  stress:  Factors  leading  to 
decrements  of  performance  and  disease. 


Investigators. 

Principal:  CPT  J.  Richard  Jennings,  MSC 

Associate:  Ann  Barnet,  M.D.;  Robert  M.  Chapman,  Ph . D. ;  LTC  J.  Terry 
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Ph . D. ;  Harold  Lawson,  B.S.;  CPT  William  C.  Orr,  MSC: 

Guy  C.  Sheatz,  Ph.D.;  MAJ  Peter  W.  Williamson,  MC. 

Description. 

The  elucidation  of  the  biological  substrates  of  stress  and  per¬ 
formance  decrements  is  important  to  both  military  psychiatry  and  to 
the  performance  of  normal  military  missions.  The  basic  research 
strategy  of  this  work  unit  is  psychophysiological  in  nature,  i.e.  con¬ 
current  measures  of  psychological  processes  and  physiological  activity 
are  made.  Within  this  approach  applicable  techniques  range  from  those 
of  clinical  medicine  to  those  of  mathematics  and  statistics.  Specific 
areas  of  current  research  include:  1)  vigilance  performance  decrement 
and  environmental -physiological  decoupling  due  to  sleep  deprivation 
and  different  work-rest  cycles;  2)  stress -related  reactions  of  the 
autonomic  nervous  system  and  of  the  central  nervous  system  to  different 
information  processing  demands;  3)  the  relation  of  evoked  cortical 
potentials  and  performance  In  traumatically  brain-injured  patients; 

4)  studies  of  brain-behavior  relationships  during  problem  solving  as 
a  function  of  age,  mental  deficiency,  and  normal  development;  5)  brain 
wave  control  and  performance  change;  and  6)  various  comparative  studies 
of  visual  information  processing  and  microelectrode  recording  techni¬ 
ques. 

Progress . 


1 .  Spectral  analysis  of  physiological  and  behavioral  responses  to 
stress. 

The  development  of  power  spectrum  analysis  as  a  useful  tech¬ 
nique  in  detecting  the  more  subtle  effects  of  stress  on  physiology  and 
performance  has  continued.  Work  has  been  completed  on  a  project 
designed  to  show  the  techniques 's  validity  in  evaluating  drug  effects. 
The  main  hypothesis  under  study  here  is  that  a  drug  effect  andits  time 
course  can  be  determined  by  evaluating  the  effect  of  periodic  (at 
regular  intervals)  administrations  on  the  power  spectrum  of  the  measure 
of  interest.  The  periodic  drug  administrations  have  the  effect  of 
inducing  a  rhythm  which  can  be  detected  by  the  spectrum  analysis  at  a 


frequency  specified  by  the  interval  between  administrations.  This 
technique.  It  is  felt,  will  have  many  advantages,  not  the  least  of 
which  is  that  the  location  of  the  drug  effect  on  the  spectrum  can  be 
specified  by  the  investigator.  The  data  analysis  has  begun  on  this 
project,  but  is  as  yet  incomplete. 

Another  project  has  been  completed  using  the  same  analytic 
technique  to  delineate  the  endogenous  rhythms  which  may  be  present  in 
heart  rate  and  spontaneous  galvanic  skin  responses  under  conditions 
of  bed  rest.  There  is  little  if  any  work  in  the  literature  concern¬ 
ing  the  presence  of  ultradian  (less  than  24  hours)  biological  rhythms 
in  these  response  systems.  Another  important  aspect  of  this  study  is 
the  determination  of  the  degree  of  coupling  between  these  systems. 

The  data  analysis  has  revealed  strong  evidence  for  the  existence  of 
a  90  minute  periodicity,  possibly  related  to  the  REM  cycle  of  sleep 
which  also  has  an  approximate  90  minute  rhythm. 

A  recently  completed  study  examined  the  effects  of  signal 
frequency  in  multiple  channels  on  v:gi lance  performance.  Signal  pre¬ 
sentation  was  designed  to  parallel  operant  reinforcement  schedules. 

The  results  indicate  that  the  classic  operant  approach  to  data  analysis 
can  be  greatly  extended  and  refined  by  the  use  of  spectrum  analysis  of 
response  rates.  Briefly,  different  response  rates  on  a  fixed  interval 
schedule  of  rei nforcement  were  accurately  reflected  by  the  presence 
or  absence  of  harmonics  in  the  spectral  analysis.  Regarding  a  most 
controversial  Issue  in  operant  conditioning,  this  study  revealed, 
through  the  use  of  coherence  analysis,  that  there  is  coupling  between 
schedules  in  a  concurrent  schedule  paradigm.  In  terms  of  vigilance 
performance  on  the  three  signal  displays,  these  results  indicate  that 
individuals  involved  in  similar  tasks  are  greatly  influenced  by  the 
schedule  or  rate  of  signal  occurrences  on  a  single  channel.  This 
operates  on  his  observing  behavior  by  controlling  tne  rate  of  observ¬ 
ing  the  other  channels  being  monitored.  Such  control  would  lead  to 
detection  errors  on  the  two  subsidiary  or  s low-rate  channels. 

2.  Autonomic  correlates  of  information  processing. 

The  reactions  of  autonomic  nervous  system  have  been  related 
classically  to  stress.  Recent  evidence  (Lacey,  1967)  has  indicated, 
however,  that  relatively  non-stress ful  information  processing  may 
cause  autonomic  reactions.  These  non-stress  reactions  may  either 
exacerbate  or  lessen  classical  autonomic  stress  reactions.  Of  equal 
importance,  certain  autonomic  reactions  may  facilitate  information 
processing.  Thus,  change  in  autonomic  function  due  to  stress  may  serve 
to  impair  information  processing  by  interfering  with  the  autonomic 
aspects  of  this  cognitive  functioning. 
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Research  on  autonomic  correlates  of  information  processing 
was  designed  initially  to  identify  processing  tasks  which  were  asso¬ 
ciated  with  large  autonomic  reactions.  Reactions  that  were  different 
for  different  tasks  were  sought.  Preliminary  data  suggested  that  three 
types  of  function  --  input,  storage,  and  manipulation  --  were  associated 
with  distinctive  autonomic  reactions.  Furthermore,  these  differences 
were  influenced  by  constitutional  factors  —  specifically,  overweight 
persons  reacted  differently  from  underweight  persons  (see  Jennings  & 

Orr,  1970,  Schachter,  1970).  The  preliminary  results  are  now  being 
verified.  Experiments  are  being  planned  manipulating  autonomic  and 
stress  states. 

3.  Evoked  brain  responses  to  meaningful  stimuli  as  indicants  of 
neural  processing. 

The  Averaged  Evoked  Potential  (AEP)  is  extracted  by  computer 
techniques  from  the  bio-electrical  activity  recorded  from  the  scalp  of 
human  subjects.  Since  they  originate  in  the  brain,  they  may  be 
influenced  by  a  wide  variety  of  parameters  including  the  physical 
characteristics  of  the  stimulus  and  the  psychological  characteristics 
of  the  stimulus,  e.g.  the  history  of  the  individual  and  the  meaning  of 
the  stimuli  to  him.  The  data  coming  from  our  laboratory  has  supported 
both  kinds  of  influences  on  the  AEP.  This  work  has  several  ramifica¬ 
tions:  (a),  the  AEP  represents  one  of  the  few  techniques  now  available 
for  looking  at  brain  functioning  that  may  be  related  to  psychological 
processes  in  man  and  (b)  it  also  represents  one  of  the  few  techniques 
for  examining  sensory  systems  of  the  brain  of  man. 

One  of  our  lines  of  investigation  has  been  to  fractionate 
pre-  and  post-stimulus  effects.  In  considering  the  effects  of  the 
physical  parameters  of  stimuli,  it  has  been  found  necessary  in  work  at 
all  levels  from  single-cell  recording  to  psychophysical  judgements  to 
deal  not  just  with  the  discrete  stimuli  but  also  to  be  concerned  with 
the  recent  history  of  the  system.  For  example,  in  the  visual  system, 
not  only  the  characteristics  of  the  light  flash  influence  the  response, 
but  also  the  adaptation  level  which  has  resulted  from  the  recent  light 
history.  This  has  been  sometimes  categorized  as  the  state  of  the 
system  (light-  or  dark-adapted  state,  neural  or  photochemical  adapta¬ 
tion,  etc.). 

In  a  similar  way  the  psychological  state  of  the  organism  is 
important  to  the  psychological  or  behavioral  response  to  stimulation. 

In  considering  brain  processing  of  stimuli,  what  the  brain  does  with 
stimulus  Information  depends  on  the  task  that  the  brain  is  performing 
at  that  time,  i.e.  on  the  relevance  of  this  information  .to  the  task. 

If  differences  in  brain  processes  are  found  in  two  situations,  is  the 
difference  related  more  funamentally  to  post-stimulus  processes  or  to 
the  state  existing  prior  to  the  stimulus  presentation? 
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From  the  standpoint  of  studying  neural  processing,  it  is 
advantageous  to  be  able  to  control  what  processing  takes  place  and 
when  it  takes  place.  If  we  unleash  the  processing  by  a  discrete 
stimulus  which  requires  the  subject  to  perform  some  particular  task, 
then  we  are  able  to  study  neural  processing.  AEP  experiments  often 
appear  to  have  those  two  characteristics ,  but  unfortunately,  both  the 
what  and  the  when  in  many  of  these  experiments  have  lacked  precision. 
What  processing  has  often  been  "control! ed"  by  presenting  "meaningful" 
stimuli,  e.g.  pictures,  words,  etc.  by  asking  the  subject  to  pay 
attention,  to  count  the  stimuli,  to  guess  the  next  stimulus,  etc. 

When  the  processing  takes  place  has  presumably  been  controlled  by 
presenting  a  discrete  stimulus.  The  time  of  stimulation  and  averag¬ 
ing  may  be  precise,  but  the  time  of  processing  often  is  doubtful  . 

Because  the  AEP  depends  on  averaging,  the  same  stimulus  has  often  been 
repeated  throughout  a  run.  This  .procedure  makes  it  unnecessary  to  even 
"perceive"  the  stimulus.  If  the  stimuli  are  presented  rhythmically,  a 
counting  task  can  successfully  tolerate  large  gaps  of  not  sensing. 
Presenting  "meaningful"  stimuli  without  designating  a  task,  does  not 
seem  like  a  good  way  to  control  what  processing,  if  any,  is  resulting 
from  the  stimulus.  Nor  does  asking  the  subject  to  guess  which  stimulus 
will  appear  next  exercise  much  control  over  what  the  brain  does  when 
the  stimulus  does  appear,  since  the  guess  is  occurring  prior  to  the 
stimulus.  What  an  adequate  experimental  design  ought  to  do  is:  (a) 
assure  that,  each  and  every  stimulus  is  processed  in  a  defined  way; 

(b)  separate  effects  due  to  general  states  of  the  organism,  such  as 
activation  level;  (c)  separate  effects  due  to  recent  history- from 
post-stimulus  effects;  and  (d)  have  adequate  controls  for  the  physical 
stimulus  reaching  the  receptors. 

In  the  experimental  design  that  we  have  used,  the  particular 
stimuli  were  changed  in  a  random  fashion  with  each  presentation.  These 
stimuli  were  incorporated  in  a  task  that  required  that  the  relevant 
stimuli  be  perceived  and  processed  in  a  particular  way  and  the  subject's 
performance  at  the  designated  tasks  was  measured.  The  stimuli  were 
presented  as  brief  flashes,  so  no  second  looks  and  no  AEP  effects 
could  be  produced  by  retinal  scan  from  eye  movements.  The  control 
responses  were  obtained  to  stimuli  mixed  in  the  same  trials  (less  than 
1  sec.  apart)  so  that  any  effects  may  not  be  attributed  to  general 
states  that  may  change  over  a  slower  time  course.  In  addition,  a 
measure  of  the  general  brain  state  was  taken  in  the  form  of  the  alpha 
electroencephalograph  (EEG)  score.  By  presenting  two  relevant  and  two 
Irrelevant  stimuli  on  each  trial,  our  analysis  yielded  two  post- 
perceptual  processes  and  three  expectancy  states  due  to  sequence 
biases.  These  distinctions  are  Important  because  they  relate  to  the 
general  question  of  the  specificity  of  AEP  effects,  "Can  the  AEP  tell 
us  about  the  particular  post-stimulus  brain  processing  or  only  about 
the  excitability  of  the  brain  in  being  prepared  or  ready  for  the 
stimulus?"  It  is  the  possibility  of  pre-stimulus  differences  that  has 
clouded  interpretations  attempting  to  relate  AEP  differences  to 
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post-stimulus  processes.  A  variety  of  response  measures  at  various 
brain  sites  showed  that  both  pre-  and  post-stimulus  effects  occur  and 
that  relatively  subtle  task  effects  may  be  detected  by  these  techni¬ 
ques.  Measurements  have  been  made  In  terms  of  response  area  and 
amplitudes  at  fixed  latencies,  e.g.  105  and  225  msec.  The  differences 
obtained  with  these  measures  Indicate  that  more  elaborate  multivariate 
techniques  might  be  useful  for  extracting  the  Information  available 
In  these  complex  waveforms.  It  Is  concluded  that  AEPs  may  be  used 
to  study  brain  processes  that  are  of  a  higher  order  than  simple 
attention,  uncertainty  (Information  theory),  or  stimulus  gating. 

4.  Control  of  alpha  EEG. 

Previous  work  in  this  and  other  laboratories  has  demonstrated 
that  various  EEG  activities,  e.g<  alpha  EEG,  are  modulated  by  various 
mental  and  problem  solving  tasks.  Our  work  in  the  past  has  focused 
on  changes  in  the  EEG  that  are  controlled  by  the  subject's  tasks,  i.e. 
does  task  processing  cause  a  change  in  brain  activity?  More  recently, 
there  has  been  a  great  deal  of  interest  in  the  possibility  of  running 
the  causality  chain  in  the  other  direction,  i.e.  can  a  person's  inter¬ 
nal  state  (and  thus  his  task  processing)  be  controlled  by  controlling 
brain  activity.  Since  alpha  EEG  is  associated  with  an  awake,  relaxed 
state,  inducing  alpha  may  serve  to  decrease  stress  states  or  to 
increase  activation  from  sleepy  states.  By  applying  learning  and 
association  techniques  (Peper,  1970)  it  may  be  possible  for  subjects 
to  learn  to  produce,  at  will,  high  or  low  amounts  of  alpha  activity 
and  perhaps,  thereby,  to  correspondingly  alter  their  Internal  state 
and  subsequently  their  task  performance.  These  hypotheses  are  being 
tested  by  experiments  in  progress. 

One.  of  the  important  considerations  In  the  study  of  brain  waves 
is  the  role  of  the  visual  system  and  eye  activity,  since  the  classical 
way  of  producing  alpha  EEG  is  to  close  the  eyes  or  extinguish  the  room 
ill umi nation.  Recent  work  had  suggested  that  much  of  the  increase  in 
alpha  EEG  activity  following  eye  closure  in  the  classic  "eyes  open  - 
eyes  closed"  test  is  due  to  the  accompanying  tendency  for  the  eyes  to 
turn  upward.  This  hypothesis  was  tested  by  measuring  the  amount  of 
alpha  activity  (using  an  electronic  analog  scorer  previously  developed 
in  this  laboratory)  present  with  eye  positions  "ahead"  and  "up"  in  the 
light  and  in  the  dark  and  comparing  these  results  with  changes  in  alpha 
activity  with  eyes  "opened"  and  "closed"  in  the  light.  Data  were 
obtained  from  a  preliminary  group  of  13  subjects  and  a  main  group  of 
22  subjects,  where  an  electrooculogram  measure  of  eye  position  and 
visual  targets  in  the  light  conditions  were  added.  The  data  were 
evaluated  by  analyses  of  variance  of  both  croups  as  well  as  on  the 
repeated  measures  of  each  of  the  35  subjects  individually.  The  dark 
condition  was  especially  critical  for  testing  the  hypothesis  since  it 
removed  the  possibility  of  differential  visual  input  which  might  be 
associated  with  ocular  orientation.  The  data  consistently  showed  that 


the  position  of  the  eye  was  not  a  primary  factor  in  controlling  alpha 
EEG,  while  eye  closure  and  darkness  dramatically  increased  alpha 
activity.  Differential  eye  input  appears  to  be  a  major  factor. 


Several  reports  (Lippold  and  Novotny,  1970;  Lippold,  1970) 
have  cast  doubt  on  the  cerebral  origin  of  two  prominent  features  of  the 
EEG,  alpha  and  kappa  activity,  which  are  hypothesized  to  be  artifacts 
related  to  eye  activity.  Although  various  reports  have  implicated  eye 
activity,  their  specific  hypotheses  have  varied,  including  emphases  on 
the  comeoretinal  potential  of  the  eye,  tremor  of  the  extraocular 
muscles,  eye  position,  accommodation,  and  eyelid  flutter.  If  their 
interpretations  are  correct,  it  is  necessary  to  reconsider  the  meaning 
of  the  EEG  as  a  measure  of  cerebral  function.  Hypotheses  that  alpha 
and  kappa  EEG  activity  are  due  to  eye  activity  go  considerably  beyond 
the  well -recognized  fact  that  eye  activity  sometimes  may  intrude  on 
EEG  records.  It  has  previously  been  shown  that  kappa  EFG  activity  is 
independent  of  eye  or  lid  flutter  (Armington  and  Chapman,  1959). 


In  a  recently  published  study  (Chapman,  Ernes c,  &  Cavonius, 
1971),  data  were  presented  from  subjects  with  either  one  eye  or  both 
eyes  absent.  Evidence  of  normal  EEG  activity  from  these  subjects 
further  argues  against  the  eye  artifact  hypotheses  noted  above.  Follow¬ 
ing  the  hypothesis  that  "the  source  of  current  for  generating  the 
waveform  of  alpha  rhythm  is  the  standing  potential  across  the  eye,"  we 
recorded  the  EEG  of  a  man  without  ocular  globes.  Although  this  subject 
had  relatively  little  alpha  or  kappa  activity,  both  brain  activities 
were  modulated  by  the  tasks  in  the  same  way  shown  by  the  majority  of 
normal  subjects  in  our  previous  work  with  normals.  Since  both  eyes 
were  missing,  these  data  demonstrate  that  neither  alpha  nor  kappa  EEG 
activity  must  originate  from  the  standing  potential  acrosi  the  eye; 
nor  must  they  depend  on  eye  position,  accommodation,  or  eye  movement. 

It  has  been  suggested  that  the  extraocular  muscles  that  remain  after 
enucleations  may  be  the  source  of  alpha  activity.  To  study  this 
question  we  investigated  bilateral  EEG  activity  from  two  subjects  who 
had  undergone  complete  exenterations  of  one  orbit.  Neither  subject 
showed  amplitude  differences  from  the  two  sides  as  great  as  predicted 
by  the  ocular  artifact  hypotheses.  These  data,  together  with  those 
previously  reported,  lead  to  the  conclusion  that  alpha  and  kappa 
activity  are  not  directly  dependent  on  the  cornecretinal  potential  of 
vhe  eyeball,  tremor  of  the  extraocular  muscles,  eye  position, 
accommodation,  or  eyelid  flutter. 


Research  has  begun  using  what  is  sometimes  known  as  "biofeed¬ 
back,"  in  this  case  feeding  back  to  the  subject  information  as  to  when 
he  does  or  does  not  have  alpha  brain  waves.  The  major  experimental 
question  is  whether  the  subject  can  utilize  this  information  to  alter 
the  amount  of  alpha  EEG  he  exhibits  and,  if  so,  whether  this  changes 
his  reported  states  and  task  performance.  Previous  work  in  this  area 
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has  not  come  to  grips  with  the  experimental  design  problems,  so  cons  id 
erable  attention  has  been  devoted  to  the  design  of  the  necessary  con¬ 
trols.  In  order  to  monitor  the  possible  changes  that  might  take  place 
with  repetition,  these  controls  are  a  regular  part  of  the  training 
sequence!  during  each  session.  Because  of  the  possible  interaction 
of  visual  stimuli  with  the  alpha  system,  auditory  stimuli  are  being 
employed  as  carriers  of  the  feedback.  More  data  needs  to  be  gathered 
before  a  reasonable  conclusion  can  be  offered  to  the  question  posed 
above. 


5 .  Developmental  studies  of  the  clinical  uses  of  electroencepha¬ 
lography. 


The  study  of  sensory  evoked  EEG  potentials  in  normal  children 
and  in  children  with  sensory  and  neurological  disorders  has  continued. 
The  laboratory  has  also  performed  EEG  sleep  and  evoked  potential  studies 
of  patients  with  Down's  syndrome  and  in  patients  with  dystonia  muscu¬ 
lorum  deformans  being  studied  for  the  possible  therapeutic  benefits 
of  L-Dopa  administration. 

Several  investigations  o r  the  characteristics  of  click  and 
flash  evoked  potentials  in  normal  children  have  been  completed  (Barnet, 
Ohlrich,  and  Shanks,  1970,  1971;  Barnet,  1971  (a)).  Statistically 
significant  age-related  changes  have  been  demonstrated.  Latencies  of 
several  components  decrease  with  age  and  amplitude  increases.  Response 
complexity  increases  with  age. 

A  study  comparing  the  effects  of  repetitive  auditory  stimula¬ 
tion  on  normal  and  21-Trisomic,  1-year  and  under  children  was  completed. 
Mongoloid  infants  do  not  show  response  decrements  with  repeated 
stimulation  as  do  normal  infants  of  the  same  ace.  Mongoloid  responses 
do  not  show  well -developed  late  components  (P3)  by  6  months  of  age  as 
do  normal  infants.  The  hypothesis  that  abnormal  sensory  processes  in 
the  mongoloid  may  be  related  to  their  cognitive  defect  was  advanced. 

A  report  describing  serial  changes  in  visual  evoked  responses 
( VER)  of  patients  with  sudden  onset  of  cortical  blindness  was  published 
(Barnet,  Manson,  Wilmer,  1970). 

A  report  on  EEG  audiometry  in  100  abnormal  and  141  normal  - 
hearing  infants  and  children  was  completed  (Barnet,  1971(a)). 

Test-retest  data  are  included.  Our  experience  indicates  that  EEG 
evoked  response  audiometry  is  a  valuable  clinical  hearing  test. 

A  double-blind  study  of  the  effects  of  administered 
5-Hydroxytryptophan  on  the  development  of  children  with  Down's  syndrome 
is  in  progress. 
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A  preliminary  report  was  made  on  a  mentally  retarded  child 
with  chronic  high  levels  of  blood  5  HT  (serotonin).  This  child  had 
abnormal  EEG  sleep  patterns.  Para-chloropheonylal amine  (pCPA)  was 
administered  to  this  patient  and  the  effects  on  EEG  sleep  and  bio¬ 
chemical  measures  of  5  HT  metabolism  were  studied  (Coleman  and  Barnet* 
1970). 


6.  Intelligence  quotient  and  auditory  evoked  potentials. 

The  Am\y  faces  complex  personality,  cultural,  and  military 
problems  In  determining  the  performance  capabilities  of  its  personnel, 
both  during  normal  duty  assignments  and  following  injuries,  especially 
neurological  injuries.  The  extremes  of  ethnic  and  economic  backgrounds 
make  any  single  test  a  prejudicial  procedure  for  some  individuals  or 
groups  (Montague  et  al . ,  1957;  Williams  et  al_. ,  1959).  Reports  of  a 
new  EEG  correlate  ofTntelligence  seemed  to  open  possibilities  for  a 
culture-free  assessment  of  I.Q.  and  performance  capability  (Whittaker, 
1967;  Ertl,  1969).  The  simplicity  of  the  new  assessment  was  one  of 
its  most  inviting  features.  It  involved  flashing  light  stimuli  and 
recording  of  the  evoked  electrical  response  from  the  brain  by  electrodes 
attached  to  the  scalp  by  a  clay  paste.  There  was  no  task  involved  and 
this  prevents  the  falsification  of  intelligence  level  by  the  subject. 
Furthermore,  the  electronics  needed  could  be  reduced  in  size  and 
easily  made  portable  for  checking  decrements  of  capacity  under  drugs 
or  other  stresses.  The  values  of  this  testing  system,  particularly 
to  military  testing,  is  quite  clear. 

In  order  to  assess  the  military  feasibility  of  this  testing 
system,  enlisted  men  in  a  holdover  status  were  tested.  The  men 
volunteered  to  participate.  The  use  of  enlisted  men  add< d  a  secondary 
advantage  in  time  and  economy  because  of  the  availability  of  a  test 
performance  record  in  the  form  of  their  Anny  General  Cl  as si fi cation 
Test  score  to  correlate  with  the  evoked  response  data.  Ideally,  the 
electronic  I.Q.  determination  could  be  made  in  a  few  minutes  but  our 
procedure  used  a  three-determinations  format  to  permit  statistical 
evaluation.  In  the  first  stage  of  the  experiment  we  processed  60 
subjects.  We  were  unable  to  replicate  the  Whittaker  results  (Whittaker, 
1967)  which  had  been  the  model  for  our  procedures,  so  we  analyzed  the 
evoked  response  data  in  a  variety  of  ways,  eventually  using  a  total  o* 

130  correlates  in  the  computer  analysis.  Thereafter,  a  new  experimental 
approach  was  initiated  based  on  our  few  positive  correlates  and  also  on 
new  reports  from  other  laboratories  entering  this  field  of  investigation 
(Conners,  1969;  Chalke  &  Ev'tl ,  1965;  Callaway,  III,  1968;  Weinberg,  1969; 
Plum,  1968;  Rhodes  et  al . ,  1969;  Stone,  1968;  and  Straumanis,  et  al . , 
1965).  We  ended  up  witF  a  multi-faceted  experiment  requiring  more  than 
an  hour  of  evoked  response  gathering  and,  of  course,  a  much  greater  time 
commitment  for  data  measurement  and  computer  programming.  Among  the 
parameters  added  to  the  experiment  were  right  ar.o  'eft  cortix  evoxed 
responses,  pattern  vs.  diffused  light  stimuli,  and  filtered  vs. 
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unfiltered  evoked  responses.  In  addition,  the  subjects  were  given  a 
greater  number  of  light  flashes.  Sixty-seven  additional  subjects  were 
processed.  The  data  have  only  been  partially  analyzed.  The  important 
correlates  of  the  first  part  of  the  experiment  were  confirmed  in 
absolute  value  but  a  difference  in  direction  of  the  relationship  has 
occurred  which  has  not  yet  been  resolved  or  explained.  The  added 
features  of  the  experiment  have  not  been  completely  analyzed  due  to 
the  quantity  of  data  involved  as  well  as  computer  programming  problems. 
The  data  analyzed  indicate  that  both  the  hemispheric  recording  sites 
and  intra-session  temporal  sequences  are  implicated  in  the  correlation 
between  intelligence  quotient  and  evoked  potential. 

7.  Electrophysioloqical  studies  in  brain  damaged  subjects. 

The  purpose  of  this  research  Is  the  application  of  behavioral 
and  electrophysiological  techniques  to  clarify  cerebral  deficits  due  to 
war  injury.  Rapid  evacuation  methods  and  prompt  specialized  neuro¬ 
surgical  care  have  dramatically  increased  the  likelihood  of  survival 
following  brain  injury.  One  major  consequence  has  been  the  estimated 
four- fold  increase  in  cases  of  total  disability  following  wounds  in 
Vietnam  as  compared  with  World  War  II.  The  problems  created  by  these 
cases  have  changed  both  quantitatively  and  qualitatively.  Developments 
in  behavioral  science  and  neurophysiology  have  provided  methods  not 
available  previously  to  evaluate  these  residual  functions.  Patients 
selected  for-  this  project  undergo  special  electrophysiological  evalua¬ 
tion.  This  concerns  primarily  the  stucjy  of  cerebral  evoked  potentials. 
The  advantage  over  routine  EEG  is  that  it  enables  one  to  examine  the 
cerebral  responses  to  a  single  sensory  modality.  That  is,  by  providing 
visual,  auditory,  or  somatosensory  stimuli,  a  different  cerebral  evoked 
response  is  produced  for  each  modality.  The  use  of  this  technique  with 
brain  damaged  patients  offers  two  advantages:  first,  using  simple 
auditory,  visual,  or  somatosensory  stimuli,  it  should  be  possible  to 
determine  whether  or  not  these  different  signals  are  reaching  the 
primary  receiving  areas  of  the  brain.  This  is  particularly  important 
in  severely  brain  damaged  patients  with  whom  little,  if  any,  communica¬ 
tion  through  behavioral  tests  is  possible.  Secondly,  the  longer  latency 
evoked  responses  could  provide  some  information  regarding  the  potential 
for  cerebral  integration.  In  conjunction  with  the  behavioral  studies, 
this  should  further  our  understanding  of  residual  function  in  the 
brain-injured  patient. 

This  project  is  progressing  well.  To  date,  approximately 
eight  brain-injured  subjects  and  ten  controls  have  been  studied  with 
visual,  auditory  and  somatosensory  evoked  potentials.  Some  anticipated 
results  have  not  been  realized.  Specifically,  we  have  not  observed  the 
enhancement  of  the  visual  evoked  response  with  meaningful  or  significant 
stimuli.  The  reason  for  this  is  not  clear.  Modifications  of  experi¬ 
mental  design  are  presently  being  done  in  hopes  of  rectifying  this 
problem. 
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We  have  observed  some  unexpected  results  in  several  of  the 
patients  studied.  These  results  are  being  carefully  examined  in  order 
to  determine  their  possible  significance. 

It  Is  anticipated  that  sufficient  data  from  control  subjects 
and  patients  will  have  been  obtained  within  the  next  three  months  to 
allow  the  initial  phase  of  this  project  to  be  completed. 


8.  Microelectrode  dye  techniques  developed  in  the  fro 


di encephalon. 


The  goal  of  this  project  is  the  development  of  a  method  of 
microelectrode  tip  position  marking.  Since  most  microelectrode 
investigation  Involves  recording  from  below  the  surface  of  the  brain, 
it  is  important  to  know  exactly  where  the  recording  tip  is  located. 

The  method  being  developed  involves  the  use  of  a  highly  ionotrophic 
dye  (alcian  blue)  that  is  electrically  extruded  from  the  tip  of  a 
micro  pipette  after  nerve  potentials  have  been  recorded.  This  dye.  once 
deposited,  binds  with  the  surrounding  nerve  tissue  and  is  not  diluted 
by  the  usual  histological  fixing  and  staining  techniques. 


Completion  of  this  project  has  been  delayed  by  our  lack  of 
success  in  obtaining  anatomical  confirmation  of  the  recording  sites. 

We  have  been  successful  In  developing  a  microelectrode  dye  marking 
technique  but  for  reasons  that  are  not  entirely  clear,  we  have  been 
unable  to  obtain  satisfactory  recordings  using  the  dye-filled  electrodes. 
Work  is  currently  under  way  attempting  to  solve  this  problem.  Hope¬ 
fully,  this  study  can  be  completed  within  the  next  month. 

9.  Studies  on  a  primitive  photoreceptor  in  Limulus. 


A  great  deal  of  our  present  knowledge  about  the  visual  process 
has  been  derived  from  the  work  of  Hartline  and  co-workers  who  studied 
the  functional  organization  of  the  compound  lateral  eyes  in  horse-shoe 
crab  (Ratliff,  1965).  The  studies  have  been  extremely  rewarding  in 
answering  questions  concerning  how  the  single  visual  receptors  respond 
in  photic  stimuli,  and  how  receptors  are  organized  in  functional  units. 
Interaction  among  various  receptor  units  was  also  studied.  These  inter¬ 
actions  quantitatively  describe  lateral  inhibition  as  the  physiological 
basis  for  the  age-old  phenomenon  of  Mach  bands  observed  in  humans. 

Thus,  the  compound  lateral  eye  of  the  horsesnoe  crab  has  provided  us 
with  a  convenient  experimental  preparation  for  studying  complicated 
visual  mechanisms  in  a  simpler  system  than  man.  In  recent  years,  we 
have  investigated  the  median  dorsal  ocellus  in  Limul us  with  respect 
to  its  photic  properties.  The  ocelli  are  simple  eyes  and  are  presum¬ 
ably  evolutionary  more  primitive  tnan  the  compound  eyes.  They 
contain  two  spectral  mechanisms  presumably  housed  in  two  receptor 
types,  near  ultraviolet  and  visible  (Chapman  end  tail,  1967).  It  is 
hoped  that  the  ocellus  would  provide  an  experimental  preparation  where 
interact-on  between  two  receptor  tyres  vuuld  be  studied  on  a 
cel lular  level . 
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Last  yea  we  concentrated  on  studying  the  dark-adaptation  in 
the  nedian  dorsal  ocel’us  for  these  two  types  of  receptors.  The  method 
employed  was  to  record  the  EEG  elicited  by  illumination  from  the  intact 
ocellus.  A  dark-adapted  median  ocellus  was  light-adapted  for  short 
duration  times  (30,  60  and  120  sec.)  with  either  near  ultraviolet  light 
(300-420  nm)  or  visible  light  (>450  nm).  The  log  threshold  of  a  360  nm 
or  530  nm  test  light  (for  a  criterion  response  of  50yV,  -  constant 
response  method)  as  a  function  of  time  in  the  dark  after  chromatic 
light  adaptation  was  plotted.  The  overall  dark-adaptation  curves  for 
"UV"  and  "visible"  spectral  systems  (i.e.  receptors)  did  not  differ 
significantly  from  each  other.  The  threshold  changed  over  4  to  5  log 
units.  The  UV  receptor  system  appeared  to  dark-adapt  slightly  faster 
than  the  visible  one.  With  short-duration  light  adaptation  flashes, 
both  "UV"  and  "visible"  receptors  were  dark-adapted  in  about  40  -  50 
minutes. 


10.  Electronic  instrumentation. 

Four  advances  in  electronic  instrumentation  relevant  to  this 
work  unit  occurred.  The  first  of  these  is  a  simulator  of  normal  EEG 
sleep  during  sleeping  and  waking.  This  instrument  assists  in  the 
calibration  and  testing  of  measurement  devices.  The  device  uses 
integrated  circuit  amplifiers  to  filter  high  frequencies  from  a  stan¬ 
dard  white  noi^e  source.  Different  stages  in  the  filtering  simulate 
the  waking  and  sleeping  EEG. 

The  second  device  is  a  random  pulse  generator  to  control  the 
sequencing  of  experimental  events.  Constructed  of  readily  available 
semi-conductor  devices,  the  pulse  generator  sumnates  several  semi- 
dependent  uni -junction  oscillators  to  produce  an  output  pulse  that  is 
random  within  an  adjustable  window. 

The  third  device  is  a  calibrator  and  tester  for  differencial 
laboratory  amplifiers  used  to  transform  biological  signals.  This  is  a 
nighly  flexible  unit  which  allows  the  user  to  manipulate  seven  impor¬ 
tant  parameters  of  input  test  signals  for  the  biological  amplifier. 

The  fourth  i*  a  simple  device  to  convert  triangle  waves  +o 
sine  waves.  8y  using  a  differential  amplifier  in  its  amplitude 
limiting  region,  high  harmonics  of  the  triangle  wave  fundamental  an 
removed  and  a  high-purity  sine  wave  is  produced.  The  simplicity  and 
compactness  of  this  device  recommend  it  for  a  wide  variety  of 
bio-instrumentation  applications . 

1 1 .  Opthal mo logic  hypoxia  studies. 

This  project  assessed  the  effects  of  hypoxia  on  certain  aspects 
of  vision.  A  common  concomitant  of  performance  in  special  and  thus, 
stressful  environments,  e.g.  high -altitude,  is  a  decrease  in 
environmental  oxygen  leading  tc  hypoxia.  Decrear-o;  ir'  visual 
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sensitivity  associated  with  hypoxia  were  reported  in  last  year's  pro¬ 
gress  report.  This  project  is  now  completed  and  the  research  has 
been  published  (Ernest,  1971;  Ernest,  1971;  Ernest  &  Clamann,  1971; 
Ernest  &  Potts,  1971;  Rosenoerger  &  Ernest,  1971). 
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23  (U)  The  objective  of  this  research  is  to  develop  a  militarily  useful  pill  to  protect 
personnel  against  lethal  effects  of  ionizing  radiation.  Such  a  drug  would  reduce  the 
Initial  effect  of  nuclear  radiation  as  well  as  provide  a  margin  of  safety  for  personnel 
operating  In  a  contaminated  terrain.  An  efficient  antiradiation  compound  would  also  be 
useful  to  the  Army  from  a  clinical  standpoint, 

24  (U)  Approach  to  the  objectives  is  through  accepted  drug  development  protocols.  Syn 
thesis  and  testing  of  potential  agents  is  being  carried  out.  Test  results  arc  analyzed 
for  structure  activity  relationships  and  fed  back  into  the  synthesis  program.  Promisin 
compounds  are  carried  forward  to  testing  In  large  animals  and  the  pharmacology  of  these 
compounds  investigated.  In  addition,  chronic  toxicity  studies,  dose  reduction  factor 
studies  and  drug  antagonism  studies  are  being  carried  out.  Development  of  efficient 
methods  of  handling  chemical  and  biological  Information  are  being,  developed. 

25  (U)  70  07  -  71  06  The  synthesis  of  new  amincalkylaminoalkylphosphorothioates  is  con¬ 
tinuing.  Adamantane  and  amidino  derivatives,  and  symmetrical  and  unsymmetrical  amino- 
alkyl  disulfides  continue  to  show  promise  as  radioprotective  drugs.  Emphasis  is  being 
placed  on  orally  effective  agents.  Dogs  were  protected  by  a  combination  of  WR  2822, 

MEA  and  PAPP,  Monkeys  were  protected  by  WR  77913.  Thinzol  idines  which  are  protective 
in  nice  have  lailec.  to  protect  dogs  or  monkeys.  The  clinical  protocols  for  WR  2529  and 
WR  2*21  have  been  revised,  and  these  drugs  are  scheduled  for  clinical  evaluation. 
Animals  have  tolerated  chronic  intravenous  administration  of  WR  2823  at  100  mg/Kg/day, 
and  an  TND  has  been  prepared  for  clinical  studies.  Compound  WR  149024  is  undergoing 
precl inical  evaluation.  For  technical  reports  sec  Walter  Reed  Army  Institute  of 

Report,  1  Jul  70  -  30  Jun  71. 


0D”“J498 


•  MCYlOUl  IOITIONI  or  t„H  gQNM  *NC  OllOUIt.  DO  fOMUl  li||t  I  HOY  «| 
AND  I4H'I,  1  M  iron  ARMY  U»F>  «Nf  OIIOLCYK 


1025 


[Pll  Redacted] 


Project  3A0S211QA824  IONIZING  RADIATION  INJURY,  PREVENTION  AND 

TREATMENT 

Task  00  Ionizing  Radiation  Injury,  Prevention  and  Treatment 
Work  Unit  055,  Chemical  protection  against  irradiation 
Investigators : 

Principal:  COL  William  E.  Rothe,  VC 

Associates:  Miss  Ann  R.  Berman}  CPT  Robert  W.  Cardwell,  MSC; 

LTC  David  £.  Davidson,  VC;  LTC  Gale  E.  Demaree, 

MSC,  LTC  Edgar  H.  Eckermann,  VC;  Albert  Einheber, 

Ph.  D.;  Miss  Marie  Grenan;  Melvin  H.  Heiffer,  Ph.  D.; 
Daniel  L.  Klaymann,  Ph.  D.;  MAJ  Pasqual  V.  Perrino,  MC 
Robert  S.  Rozman,  Ph.  D.;  Thomas  R.  Sweeney,  Ph.  D.; 
CPT  Joseph  Tomaszewski,  CmlC,  MAJ  James  A.  Vick,  MSC 


Progress 

I.  General 

The  program  to  develop  a  chemical  prophylactic  to  offset  the  effect  of 
ionizing  radiation  on  exposed  troops  has  been  carried  forward  on 
several  fronts.  The  major  technical  problem  confronting  the  study 
continues  to  be  the  separation  of  the  antiradiation  activity  cf  the 
drugs  from  their  toxicity.  Animal  pharmacological  response  to  the 
potential  agents  often  varies  widely  with  species,  which  makes  more 
difficult  the  development  of  an  agent.  At  the  present  time  one  com¬ 
pound  is  being  studied  in  the  clinic  and  three  others  have  received 
final  approval  to  begin  clinical  studies. 

Chemistry 

I I .  Chemistry  -  Contract  Synthesis  Program 

As  of  the  end  of  FY-71  there  are  five  active  synthesis  contracts  and 
one  contract  for  the  synthesis  of  potential  antiradiation  agents  on  a 
preparative  (pilot  plant)  scale.  The  contract  with  Parke-Davis  was 
terminated  in  August,  while  the  New  England  Nuclear  Corporation  con¬ 
tract  for  the  synthesis  of  radiolabled  compounds  is  now  operating  on 
an  individual  compound  basis. 

During  FY-71  there  were  141  potential  antiradiation  agents  submitted 
for  testing,  the  vast  majority  of  which  were  target  compounds. 

Thirteen  compounds  were  re-synthesized  on  a  larger-than-laboratory 
scale  under  the  preparative  contract. 

Emphasis  has  been  placed  on  the  evaluation  and  exploitation  of 
current  leads.  Interest  continues  in  compounds  possessing  the 
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adamantane  moiety  as  well  as  those  having  an  aminoalkylaminoethyl  or 
propyl  backbone.  The  difficulties  associated  with  the  synthesis  and 
assay  of  the  important  phosphorothioate  functional  group  have  been 
investigated. 


All  in  all,  the  vigorous  offensive  to  develop  potent  antiradiation 
agents  is  being  carried  forward  unabated  on  all  fronts. 


III.  Chemistry  -  Organic  Synthesis  Section  (WRAIR) 


The  investigation  of  reactions  leading  to  novel  and  improved  anti¬ 
radiation  agents  has  continued  to  yield  interesting  findings  in  sul¬ 
fur  chemistry.  In  the  study  of  the  conversion  of  aminoalkanethio- 
sulfuric  acids  to  their  corresponding  disulfides,  it  was  found  that 
the  action  of  hydrogen  sulfide  in  aqueous  or  aqueous-alcoholic  solu¬ 
tion  readily  accomplished  this  e rid  according  to  the  following  equation 
if  the  amino  group  was  mono-  or  disubstituted: 


2  RNHCH2CH2SS03H  +  3H2S — )  (RNHCH20H2S- )2 .  H2S203  ♦  2H~0  +  3S° 


The  amino-disulfides  were  obtained  as  their  stable  thiosulfuric  acid 
salts,  some  of  which  have  already  shown  excellent  antiradiation  ac¬ 
tivity.  Of  the  tertiary- aminothiosulfuric  acids  studied,  only  the 
N,N-dimethyl  derivative  behaved  toward  hydrogen  sulfide  as  indicated 
in  the  above  equation.  Other  tertiary-aminoalkanethiosulf uric  acids 
led  to  tetrasulf ides,  while  diheptylaminoethanethiosulfuric  acid  gave 
a  tetrasulf ide  coordinated  with  six  molecules  of  hydrogen  sulfide. 
This  highly  unusual  brilliant  yellow  compound  is  surprising  stable  at 
room  temperature.  2-Morphol inoethanethiosulfuric  acid,  on  hydrogen 
sulfide  treatment,  yielded  a  mixture  of  the  corresponding  trisulfide 
and  sulfenylthiosulfuric  acid: 

o  -ch2ch2sssc3h 


There  are  only  one  or  two  other  examples  of  2-sulfenyl thiosulfates ' in 
the  chemical  literature. 


A  new  synthesis  of  thiols  is  now  being  developed  on  the  basis  of  our 
earlier  observation  that  S-methyl  derivatives  of  acylthioureas  react 
with  hydroxylic  compounds.  The  best  conditions  for  the  generation  of 
a  thiol  involve  heating  under  refulx  an  alkyhalide  with  l-acetyl-2- 
thiourea  in  ethanol  (cf.  equation). 


RX  ♦  CH3C0NU-C-NH2 


n  fR©  a 

■4  CK3-CON-C-  NHj  — >RSH  +  CHjCONH-C-NHj 

i  -J  - 


H  1 

C2H30H 
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Primary  halides  give  about  an  80%  yield  of  thiol  after  24  hours,  how¬ 
ever,  the  reaction  with  secondary  halides  is  slower.  The  distinct 
advantage  of  this  thiol  synthesis  over  the  usual  method  which  utilizes 
thiourea  is  that  basic  conditions,  known  to  accelerate  the  oxidation 
of  thiols,  arc  not  needed. 
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IV.  Rodent  Testing  Program 

Chemical  compounds  synthesized  under  government  contract  for  the  Army's 
Antiradiation  Drug  Development  Program  were  evaluated  for  radioprotec¬ 
tive  activity  by  the  Rodent  Testing  Section  of  the  Division  of  Medicinal 
Chemistry.  Additional  compounds  were  screened  for  radioprotective 
activity  in  mice  by  the  Woodard  Research  Corporation,  Herndon,  Virginia 
under  the  direction  of  Dr.  Henry  Horn.  The  Woodard  Laboratory  primarily 
screened  off-the-shelf  compounds.  Active  agents  were  further  evaluated 
at  Walter  Reed.  The  Woodard  contract  has  been  terminated,  and  all 
screening  in  mice  is  now  done  in-house.  Evaluation  of  radioprotective 
activity  is  based  upon  the  survival  of  treated  mice  to  30  days  after 
exposure  to  lethal  whole-body  radiation.  Both  treated  and  control 
mice  are  exposed  simultaneously  to  either  1000  R  of  Cobalt-60  gamma 
radiation  or  825  R  of  250  KVP  x-radiation  All  irradiates  control  mice 
die  within  30  days.  Initially  the  compounds  are  administered  15  or  30 
minutes  before  irradiation  at  two  dose  levels  -  the  maximum  tolerated 
dose  and  one-half  of  that  dose.  Female  ICR  mice  8  to  9  weeks  old, 
from  the  WRAIR  colony  are  used  in  radiation  studies.  Preliminary  tox¬ 
icity  studies  are  performed  using  male  mice.  Woodard  Laboratories 
used  ICR  ’’Astro"  mice  obtained  from  Charles  River  Mouse  Farms,  Inc. 

After  screening,  activ  radioprotective  compounds  are  studied  to  de¬ 
termine  the  duration  <  action,  radiation  dose  reduction  factor  and 
optimum  route  of  admin. straticn.  As  much  data  as  possible  regarding 
acute  toxic  and  pharmacologic  effedts  of  each  compound  is  recorded  at 
the  time  of  the  primary  test. 

During  the  period  of  this  report  two  factors  curtailed  the  screening 
program:  1.  Shut  down  of  the  Cobalt-60  irradiator  during  December  and 
January  and  2.  the  presence  of  intercurrent  infection  in  mice  obtained 
during  part  of  this  report  period.  Prior  to  and  following  the  reload¬ 
ing  of  the  cobalt  source,  the  mice  were  found  to  harbor  bacteria  which 
enhanced  their  radiosensitivity. 


Since  February  1971,  the  new  source  has  been  calibrated,  and  LD50  de¬ 
terminations  on  the  mice  have  been  performed.  The  dose  rate  of  the 


cobalt  irradiator  is  now  232  rads/min., 
LD30  evaluations  are  listed  below: 

(wks) 

about  7  times 

greater  than 

Mouse  Strain 

Age  &  Sex 

Dose  Rate 

LD,o  *  2SE 

ICR/FG 

8-9  F 

35  R/min 

800  *  31 

ICR/FG 

9-10  F 

35  R/min 

810  *  20 

ICR/FG 

11-12  F 

35  R/min 

820  ±  19 

ICR/FG 

10-11  F 

234  R/min 

840  t  17 

ICR/FG 

10-1  ^  F 

234  R/min 

800  *  25 

The  testing  activities  of 

the  WRAIR  and 

Woodard  Laboratories  during 
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the  pa3t  fiscal  ye;,  are  summarized  in  the  table  below.  Primary,* con¬ 
firmatory  and  secondary  tests  are  included  in  the  total  number.  The 
numt  :r  of  active  compounds  reflects  ve-testing  of  compounds  previously 
known  to  have  activity  as  well  as  new  compounds  with  activity. 

Summary  of  Antiradiation  Testing 


Rodent  Testing  Section,  WRAIR 


Test 


Number  of 
Tests 


V  V 

Good  Slight 

Activity  Activity 


Primary  -  Intraperitoneal 

Primary  -  Oral 

Other 

Total 


84 

33 

19 

49 

15 

17 

3 

2 

0 

136 

“0 

36 

Uoodard  Laboratories 


Primary  -  Intraperitoneal  1077 
Total  1213 


199 

249 


V, 

V 


Greater  than  50%  survival  after  lethal  irradiation. 


Less  than  50%  survival  after  lethal  irradiation. 


36 


1030 


r 


V.  Radiation  Protection  in  Dogs 


Selectee  compounds  which  have  shown  promising  radioprotective  activity 
in  mice  were  selected  for  further  evaluation  in  dogs.  Prior  to  radia¬ 
tion  test,  preliminary  acute  toxicity  studies  rere  performed.  Radio¬ 
protection  studies  wet  ?  generally  performed  with  the  maximum  tolerated 
drug  dose. 

Healthy,  mature  beagle  dogs  weighing  9  to  12  Kg  were  exposed  to  a 
lethal  dose  of  650  rads  of  gamma  radiation  in  the  wood-lined  exposure 
room  of  the  Triga  Mark  IV  Nuclear  Reactor  at  the  Harry  Diamond  Ordnance 
Laboratory  Facility.  During  exposure,  the  dogs  were  confined  in 
lucite  cages  arranged  in  a  four  cage  array  parallel  to  the  gamma  iso- 
dcse  curve  produced  by  the  reactor  flux.  The  mid-line  of  each  of  the 
cages  was  130  centimeters  distant  from  the  tank  wall.  With  the  reactor 
operating  at  250  kilowatts  of  power  at  the  steady  state,  the  gamma 
dose  rate  at  the  mid-line  was  between  100  and  108  R  per  minute  as 
measured  by  a  tissue  equivalent  ionization  chamber.  By  maintaining  a 
thickness  of  70  centimeters  of  tank  water  between  the  core  of  the  re¬ 
actor  and  the  exposure  room,  the  neutron  contribution  to  the  total 
dose  was  selectively  reduced  to  less  than  2%  of  the  gamma  dose.  Neutron 
energies  were  predominantly  thermal. 

The  LDS0/3Q  days  was  432  R  under  these  conditions  (Table  1).  Forty- 
seven  control  dogs  were  irradiated  during  this  fiscal  year  and  none 
survived.  The  mean  survival  time  of  controls  was  12.0  days  .(Table  II). 

The  results  of  all  drug  experiments  in  dogs  conducted  during  the  past 
year  are  summarized  in  Table  III.  A  comparison  with  the  results  in 
mice  is  indicated.  One  drug  combination  study  was  performed  in  1971. 

The  results  are  shown  in  Table  IV. 

VI ,  Radiation  Protection  in  Monkeys 

Healthy,  Macaca  mulatta  monkeys  weighing  1.5  to  3.5  Kg  were  exposed  to 
a  lethal  radiation  dose  of  850  rads  of  gamma  radiation  at  the  Harry 
Diamond  Nuclear  Reactor  Facility.  With  this  experimental  configuration 
at  250  kilowatts  of  steady  state  power,  the  dose  rate  was  95  R/min. 

The  animals  were  restrained  upon  plexiglass  boards  with  leather  and 
"Valcrow”  harnesses.  These  harnesses  permit  the  experiment  to  be  con¬ 
ducted  with  a  minimum  of  animal  handling  and  allow  greater  ease  in 
drug  administration.  Some  problems  were  encountered  with  exposure 
times  during  fiscal  1971  resulting  in  delivery  of  doses  of  radiation 
either  greater  or  less  than  desired.  These  problems  appear  to  have 
been  solved  at  this  time.  A  comparison  or  the  results  obtained  in 
monkeys  with  those  obtained  in  mice  is  shown  in  Table  V. 
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RADIATION  LETHALITY  STUDY 
DORF  REACTOR-GAMMA 
DOGS 
Table  1 

Dose  Rate  (Rads)  Animals  Animals  %  Mortality 
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Table  III  (Continued 
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Structure  WR  No.  Animal  Test  Dose  Route  irradiation  Animals  Survival 
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Table  V  (Continued) 
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Table  V  (Continued) 
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yil .  Liver  Perfusion  Studies 

It  haa  been  reported  in  the  Annual  Report  for  1970  that  it  is  possible 
to  administer  a  supra-lethal  dose  of  nitrogen  mustard  to  the  liver 
through  the  hepatic  artery  and  effect  survival  of  an  experimental  dog 
provided  the  portal  circulation  was  perfused  with  a  nitrogen  mustard 
antagonist.  The  antagonist  previously  reported  consisted  of  a  mix¬ 
ture  of  D-L-threo-3  (2  mercaptoethyl)  amino,  1,  2,  4  butanetriol 
hydrochloride  (WR  2347)  at  a  dose  of  300  mg/Kg  and  cv3teir.e  hydro¬ 
chloride  (WR  348)  at  a  dose  of  400  mg/Kg. 

During  1971,  six  control  dogs  were  perfused  with  1.5  mg/Kg  of  nitro¬ 
gen  mustard  through  the  hepatic  artery.  No  nitrogen  mustard  antago¬ 
nist  was  administered  through  the  portal  system.  Three  of  the  six 
control  animals  survived.  It  had  been  shown  previously  that  all  dogs 
survive  when  a  1.0  mg/Kg  dose  of  nitrogen  mustard  is  administered 
through  the  hepatic  artery.  These  experiments  demonstrate  that  1.0 
mg/Kg  of  nitrogen  mustard  administered  intra-hepatically  is  the  maxi¬ 
mum  which  can  be  administered  safely.  Since  nitrogen  mustard  can  be 
administered  intra-hepatically  in  a  dose  of  2.0  mg/Kg  when  the  portal 
circulation  is  also  perfused  with  a  nitrogen  mustard  antagonist,  the 
amount  of  this  drug  which  could  otherwise  be  administered  is  approxi¬ 
mately  doubled.  These  results  offer  encouragement  for  improved  drug 
therapy  of  hepatic  neoplasia  by  permitting  the  administration  of  a 
dose  level  which  is  presently  prohibitive  due  to  toxicity. 

VIII.  Anti  Allergic  Properties  of  Radioprotectant  Aminothio'ls 

In  Vivo 

The  test  system  being  utilized  for  these  studies  (as  described  in  last 
year's  report  and  cited  in  the  literature)  tended  toward  inconsistent 
test  results.  Not  only  was  difficulty  encountered  obtaining  repeat- 
able  results  with  the  drug  treated  monkeys,  but  the  control  animals 
also  showed  erratic  responses. 

Therefore,  an  attempt  was  made  to  standardize  the  in  vivo  test  system 
by  systematically  varying  the  test  procedures.  The  amount  of  serum, 
antigen  and  Evans  Blue  Dye  were  independently  changed  in  several  in¬ 
stances,  yet  no  truly  acceptable  method  was  found.  Time  before  and 
after  challenging  were  varied.  The  mixing  of  antigen  with  the  dye 
and  serum  with  the  dye  ‘as  attempted  without  success.  Changing  the 
serum  from  the  local  intradenral  location  to  an  intravenous  injection, 
and  changing  the  antigen  from  intravenous  to  local  intradermal  in¬ 
jection  was  also  attempted  nut  to  date  has  been  unsuccessful. 

Currently,  several  other  modif ications  are  being  tried  in  an  attempt 
to  find  a  method  that  can  be  consistently  utilized  as  a  drug  screen. 
These  methods  include  aerosol  sensitization  with  ragweed  antigen; 
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serial  injections  of  ragweed  antigen  IV;  sensitization  of  the  con¬ 
junctiva  with  ragweed  antigen;  and  inhalation  of  ragweed  pollen. 

The  compounds  tested  during  his  fiscal  year  were  WR  377,  WR  1963, 

WR  698,  WR  638,  WR  2721,  WR  2977,  WR  49808  and  WR  4853.  In  the  event 
i  If  at  a  suitable  test  procedure  is  found,  these  drugs  will  be  retested 
tec  conii. nation  of  anti-allergic  activity. 

Anti-allergic  Properties  of  Radioprotectant  Aminothiols  In  Vitro 

Skepticism  of  the  readability  of  the  i-  vitro  test  system  has  arisen 
because  nearly  all  drugs  tested  gave  a  positive  result  (i.e.  blocked 
allergic  response)  to  some  degree.  We  currently  suspect  that  during 
incubation  of  the  serum  with  the  test  drug  in  the  in  vitro  portion  of 
the  test,  the  serum  protein  (antibody)  is  denatured  or  in  some  other 
way  inactivated,  and  therefore  does  not  respond  to  the  antigen  when 
tested  in  vivo.  Since  the  in  vitro  test  appears  to  have  little  value 
in  predicting  the  in  vivo  antiallergic  activity  of  test  compound,  the 
in  vitro  drug  screen  has  been  abandoned  early  in  the  fiscal  year. 

IX.  Evaluation  of  Radiation  Compounds  as  Possible  Therapeutics  for 
Wilson's  Disease 

Various  compounds  are  being  tested  in  order  to  obtain  insight  into  the 
mechanism  of  binding  of  D-penicillamine  to  copper  and  to  find  a  more 
affective  chelator  of  copper  for  the  treatment  of  Wilson's  Disease 
(hepatolenticular  degeneration). 

Additional  compounds  tested  were:  N-(2-mercaptoc thyl )-l ,  3,  propanedi- 
amine  (WR  1065);  B-mercaptoethyl-B  phenylethylammonium  chloride  *1/2 
H30  (WR  633);  N-(2-mercaptoethyl )  ethyienediami ne  .2HC1  (WR  884);  2- 
(2-mercaptoethyl  amino)-2-  hydroxymethyl-1,3  propanediol  .HC1  (WR 
1616);  N-(2-mercaptoethyl )  1,  5  pentanediamine  .HC1  (WR  1729)5  and 
2-(2-mercaptoethyl )  amine  1,3  propanediol  .UC1  (WR  2753).  These  com¬ 
pounds  were  tested  for  their  ability  to  chelate  neonatal  hepatic 
mitochrondrocuprein  of  rats  ranging  from  12-48  hours  of  age.  Atomic 
absorption  spectrophotometry  was  utilized  to  determine  the  amount 
of  hepatic  mitochrondrocuprein  chelated.  As  noted  by  H.  Porter,  the 
principal  subcellular  site  of  hepatocuprein  in  Wilson's  Disease  is 
the  mitochondrial  fraction.  This  is  distinctly  similar  to  the  dis¬ 
tribution  of  copper  and  serum  cerulcplasm  in  the  newborn.  Porter 
found  35%  of  the  totai  copper  located  in  the  mitochondrial  fraction. 
Experimentally,  our  results  yielded  a  total  o:  33%.  Evans,  etaL  have 
also  found  the  hepatic  mi tochondrocuprein  distribution  and  serum 
mitochondrocupre in  distriout ion  and  serum  •  .ft  .loplasm  in  rat  neo¬ 
nates  to  coincide  with  that  of  Wilson '.a  Disrate . 

Procedures  have  been  developed  in  our  laboratory  to  determine  the 
amount  of  copper  present  m  each  centr ifuga’  traction  (homogenate, 
nuclei,  combined  super  nates,  micr.soin.al  arid  mitochondrial)  thus 
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allowing  for  determination  of  the  total  amount-  of  copper  present 
prior  to  chelation.  After  freezing  each  of  the  fractions  they  are 
lyophilized  for  24  hours,  ashed  at  500°C  for  24  hours,  diluted  with 
0.5  N  HN03  and  analyzed  for  total  copper  through  atomic  absorption 
spectrophotometry.  This  procedure  was  used  on  the  compounds  recently 
tested  and  also  on  those  compounds  reported  in  last  year"s  Annual  Re¬ 
port.  See  Table  1  for  the  total  percentage  of  chelated  copper  by 
selected  compounds. 

N-(2-mercaptoethyl)-l ,3  propanediamine  (WR  1065)  is  approximately 
twice  as  effective  in  copper  chelation  as  D-penic illumine.  Toxicity 
testing  of  WR  1065  has  been  completed.  Toxicity  studies  of  several 
other  agents  are  in  progress.  In  one  experiment  10  mg/Kg  of  WR  1065 
was  administered  IV  daily  for  20  days  to  a  Rhesus  monkey.  No  toxic 
side  effects  of  the  drug  were  noted  at  this  dose  level  after  90  days 
of  observation. 

Presently,  WR  1065  and  several  related  ceemical  agents  are  being 
studied  to  investigate  the  possibility  of  utilizing  this  compound  in 
the  treatment  of  Wilson's  Disease. 

X.  Snake  Antivenin  Studies 

A.  Relative  Potency  of  Polyvalent  Antiver.in  (Lots  143  E  and  143  F) 
Against  Naja  Naja  and  B.  Caeruleua . Snake  Venoms 

Assays  of  3  lots  of  polyvalent  antivenin  were  performed  for  the  De¬ 
partment  of  Pharmacology  to  confirm  the  data  published  by  the  supplier, 
Haffrine  Institute,  Bombay,  India.  Naja  naja  ''Indian)  dried  venom 
was  obtained  from  USAMRL,  and  the  Miami  Serpentarium,  Miami,  Florida 
(Lot  0  NS6TV) .  B.  caeruleus  lyophilized  venom  (.Lot  108A15)  was  ob¬ 
tained  from  the  Miami  Serpentarium.  The  lyophilized  venoms  were  re¬ 
constituted  in  physiologic  saline  prior  to  use.  LD30  estimations  of 
these  venoms  were  determined  by  administering  graded  doses  in  volumes 
of  .2  ml  into  the  tail  veins  of  8-9  week  old  female  alb-no  mice.  The 
lyophilized  polyvalent  antivenins  (Lots  143  E  and  143  '■*)  were  recon¬ 
stituted  with  10  ml  sterile  distilled  water  prior  to  uv-  _nd  admin¬ 
istered  IV  immediately  after  administration  of  a  lethal  dose  of  venom. 
The  volume  of  antivenom  injected  did  not  exceed  .1  ml.  Mortality  was 
recorded  over  a  24  or  48  hour  period. 

Results 


The  survival  of  mi.ee  given  Naja  venoms  are  shown  in  Tables  1  and  2. 

The  approximate  II),  r;  value  of  Indian  Naja  venom  ( Lot  Uf-AMRD)  was  8  pg/ 
mouse  (.32  mg/Kg)  while  the  LD«0  of  Lot  NS6TV  was  6  pg/nsouse  (.2-* 
mg/Kg).  A  dose  of  10  ^ug  ',.4  mg/Vg)  produced  1 /J  per  cent  mortality. 
The  LD,0  B*  caeruleus  venom  (Lot  1-8A15;  (Table  3)  was  2.35  pg/ 
mouse  (.09  mg/kg).  At  5  pg  (.20  mg/Kg)  '00  per  cent  lethality  was 
observe^ . 
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Table  1 


Mortality  and  Survi^l  Times  of  Mice  Given  Graded  Doses  of  Na ja  naja 
Venom  (USAMRD  Lot)  lutravenc  sly. 


Assay 

Date 

No.  of 
Mice 

Venom* 

•  al 

Venom 

Percent 

Mortality 

Survival  Time 

20  June 

10 

.625 

.2 

0 

•  • 

1970 

10 

1.250 

.2 

0 

-- 

10 

2.500 

.2 

0 

— 

10 

5.000 

.2 

0 

-- 

10 

7.500 

.2 

40 

Over  Night 

10 

10.000 

.2 

100 

33-103  Min. 

Table  2 


Mortality  and  Survival  Times  of  Mice  Given  Graded  Doses  of  Naja  naja 
Venom  (Lot  N86TV)  Intravenously.  *’* 


Assay  No.  of  ug  ml  Percent 


Date 

Mice 

Venom-Vf 

Venom 

19  Aug 

10 

2.5 

.2 

1970 

10 

5.0 

.2 

10 

7.5 

.2 

10 

10i0 

.2 

Table 


Mortality  and  Survival  Times  of  Mice 
Ver.om  Intravenously. 


Assay 

No.  of 

ml 

Date 

Mice 

Venom* 

Venom 

21  Jun 

10 

1.25 

.2 

1970 

10 

2.50 

■  2 

10 

5.00 

.2 

10 

10.00 

.2 

10 

25.00 

.2 

Mortality  Survival  Time 
0 

40  86-120  Min.&Over  Night 
100  31-120  Min.fiOver  Ni^ht 
100  29-63  Min. 


Given  Graded 

Doses  of  B.  caeruleus 

Percent 

Mortality 

Survival  Time 

0 

60 

240-360  Min. 

100 

109-240  Min. 

100 

60-107  Min. 

100 

48-60  Min. 

« 


Per  25  go  mouse 
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Table  4 


Efficacy  of  the  Polyvalent  Antivenin  Lot  143  F  in  Preventing  Lethality 
in  Mice  After  IV  Administration  of  Naia  naia  (Indian-USMARL)  Venr  n. 


Assay 

Date 

No.  of 
Mice 

ug 

Venom* 

ml 

Venom 

ml  Anti¬ 
venin 

Percent 

Mortality 

Survival  Time 

20  Jun 

10 

25 

.2 

.1 

10 

22  Min. 

1970 

10 

50 

.2 

.1 

40 

13-65  Min#  & 
Over  Night 

10 

75 

.2 

.1 

70 

16-49  Min. 

10 

100 

.2 

.1 

100 

6  Min. 

Table  5 


Efficacy  of  the  Polyvalent  Antivenin  Lot  143  F  in  Preventing  Lethality 
in  Mice  after  IV  Administration  of  B.  caeruleus  (103A1S)  Venom 


Assay 

Date 

No.  of 
Mice 

Venom* 

ml 

Venom 

ml  Anti¬ 
venin 

Percent 

Mortality 

Survival  Time 

21  Jun 

10 

50 

.2 

.1 

00 

1970 

10 

75 

.2 

.1 

40 

87  Min.  & 
Over  -Night 

10 

100 

.2 

.1 

80 

85  Min.  & 
Over  Night 

Table  6 

Protective  Effect  of  Antivenin  143-E  Against  Lethality  Induced  by 


Na ja  na and 

Assay 

Date  Venom 

B.  caeruleus 

jig*"  ml 

Venom  Venom 

Snake  Venoms  in  t 

ml  Anti-  No.  of 
venin  Mice 

he  Mouse 

Percent 

Mortality 

Survival 

Time 

19  Aug  Naja 

1970 

25 

.2 

.1 

10 

0 

-- 

50 

.2 

.1 

10 

54 

35-180  Min, 

20  Aug 

75 

.2 

.1 

10 

100 

4-136  Min 

B.  50 

caeruleus 

.2 

.1 

10 

30 

55-120  Min 
Over  Night 

75 

.2 

.1 

10 

40 

250  Min.  -.t 
Over  Night 

100 

-*-per  25  gm  mouse 

.2 

.1 

10 

100 

60  Min.  h 
Over  Night 
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Table  7 


Relative  Potencies  of  Diffi  ent  Lota  of  Polyvalent  Antivenin  Against 


Naja  and  B. 

caeruleus 

Venoms 

Venom 

A.V. 

Venom  LD30 

LD30  of  Antivenin 

Dose 

Lot  n 

(jig/oouse) 

Treated  Mice 

Reduction 

(jig/mouse) 

Factor 

Naja 

143-F 

8 

60 

7.5 

143-E 

5.4 

48 

8.8 

B.  caeruleus 

143-F 

2.35 

80 

33.3 

143-E 

2.35 

30.8 
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For  the  determinations  of  relative  potency  of  the  anti -venins,  the 
lowest  dose  selected  for  both  venoms  was  25  ^jg/rnouse.  Lot  143  F  com¬ 
pletely  neutralized  25  /ug  of  Indian  naja  venom  in  the  mouse  (Table  4) 
and  raised  the  LD50  of  venom  injected  mice  by  7.5  times  (Table  7). 
Against  B.  caeruleus  venom,  antivenin  of  Lot  143  F  neutralized  50  pg 
venom  (Table  5)  and  increased  the  LD30  of  the  venom  in  treated  mice 
by  ever  30  times  (Table  7).  The  potency  of  Lot  143  t,  was  similar  to 
Lot  143  F  in  reversing  the  lethality  induced  by  both  venoms  (Tables 
6  and  7), 

Discussion 

According  to  the  brochure  accompanying  the  antivenins,  the  potency  (as 
assayed  by  the  Haffkinc  Institute)  is  considerably  higher  against  Naja 
thaii  against  B,  Caeruleus  venom. ■  Their  findings  indicate  that  1  ml 
of  the  polyvalent  antivenin  will  neutralize  .60  mg  Naja  naja  venom. 

In  our  assays,  1  ml  of  the  antivenin  neutralized  not  more  than  .35  mg 
Naja  venom  in  mice. 

Haffkine  Institute  claims  the  antivenin  will  neutralize  .45  mg  ot  B. 
caeruleus  venom.  We  have  found  comparable  potency.  In  our  assays,  1 
ml  neutralized  at  least  .5  mg  of  B.  caeruleus  venom.  We  conclude  that 
these  polyvalent  antivenins  are  truly  extremely  potent  and  effective 
antidotes  against  Naja  naja  and  B.  caeruleus  venoms. 

B.  Evaluation  of  Potencies  of  Several  Lots  of  a  Monovalent  Antivenin 
Against  Agkistrodon  rhodostoma  venom 

The  purpose  of  these  investigations  was  to  assay  the  potency  and 
specificity  of  3  lots  of  a  monovalent  antivenin  prepared  and  submitted 
by  the  Science  Division,  Thai  Red  Cross  Society.  The  antivenin  was 
specific  for  Malayan  pit  vip^r  venom  (Agkistrodon  rhodostoma). 

Materials  and  Methods 


Lyophilized  Agkistrodon  rhodostoma  venom  (Lot  ft  AR6TU)  was  obtained 
from  the  Miami  Serpentarium,  Miami,  Florida.  Prior  to  use,  the  venom 
was  dissolved  in  physiologic  saline.  Freshly  prepared  solutions  were 
used  for  each  assay.  The  lyophilized  antivenin  samples  were  recon¬ 
stituted  with  10  ml  sterile  distilled  water  prior  .o  use,  and  thorough¬ 
ly  mixed  and  shaken  to  dissolve  all  particulate  matter.  Both  the 
venom  solutions  and  antivenins  were  kept  cold  throughout  the.  assays. 

ICR  female  mice  10-11  weeks  of  age  ;  obtained  from  the  Walter  Reed 
colony  v«re  used  in  all  experiments.  The  weight  ot  the  mice  was  25- 
27  grams. 

The  toxicity  of  rhe  venom  was  firs*  established  in  groups  u!  ten  mice 
by  injecting  graded  doses  into  the  tail  veins.  The  volumes  ir  iected 
diu  not  exceed  0.2  nil.  The  relative  potency  of  the  *ntiven*n  w«s 
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determined  by  in ting  mice  with  a  100  per  cent  lethal  dose  of  venom 
followed  by  the  mtraveno-  ;  injection  of  0.1  ml  of  the  antivenin. 
Those  mice  alive  at  48  hours  were  counted  as  survivors. 

Results 


The  results  of  these  studies  are  summarized  in  Tables  1-3.  Lots  4 
and  6  were  truly  antidotal,  and  had  a  greater  neutralizing  capacity 
for  reversing  lethality  of  the  venom  than  Lot  5.  One  ml  of  these 
antivenins  neutralized  at  least  1.5  jig  of  venom.  Their  relative 
potencies  (the  ratio  of  the  LD30  of  controls  to  venom  treated  mice) 
were  168%  and  150%. 

Lot  5  appeared  to  be  the  weakest  in  potency  (Table  2).  One  ml  of 
this  lot  of  antivenin  neutralized  only  1  jug  of  venom.  Its  relative 
potency  was  100%. 


Discussion 


In  these  studies,  100-150  pg  of  A.  rhodostoma  venom  killed  40-88%  of 
mice  given  a  single  intravenous  injection.  Time  to  death  following 
injection  decreases  with  an  increase  in  the  amount  injected. 

Data  on  the  neutralizing  capacity  of  this  type  of  antivenin  were  not 
previously  available.  Our  results  demonstrate  that  this  monovalent 
antivenin  is  effective  in  reversing  the  lethality  induced  by1  Malayan 
pit  viper  venom  in  the  mouse.  The  neutralizing  potency  does  vary,  how¬ 
ever,  among  lots  of  the  same  antivenin.  The  toxicity  of  the  venom  in 
antivenin  treated  mice  was  decreased  by  factors  of  1.50-1.68  for  Lots 
4  and  6,  and  1.0  for  Lot  5. 

C ■  Observations  on  the  Toxicity  of  Agkistrodon  Rhodostoma  Venom  in 
Male  and  Female  Mice  ""  ™"~ 


The  effects  of  A.  rhodostoma  venom  on  the  survival  were  compared  in 
male  and  female  adult  mice  by  two  routes  of  administration.  The  fe¬ 
males  were  more  resistant  than  the  males  by  the  intravenous  route, 
while  by  intraper itoneal  injection,  there  was  no  difference.  The 
LDau  value  for  females  (350  mice)  was  123  micrograras  or  4.9  rag/Kg; 
for  males  (240  mice)  the  value  was  61.3  micrograms  or  1.86  mg/Kg. 

By  the  intraper  itoneal  route,  the  LD.,0  values  were:  For  females  (90 
mice)  105  pg  or  4.2  rag/Kg,  and  for  males  (89  mice)  108  jug  or  3.3 
mg/Kg. 

The  regression  coefficients  of  the  dose  response,  curves  by  both  routes 
were  comparable  for  both  sexes. 

The  males  showed  a  shorter  survival  time  than  females  after  IV  in¬ 
jection,  but  aftpr  IP  injection  their  survival  time  wa3  longer  than 
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that  of  the  females.  Possible  hormonal  factors  involved  in  these  sex 
differences  in  response  to  venom  are  being  investigated. 

XI .  Additional  Projects 

A.  The  toxicity  of  a  phenanthrene  methanol  (WR  122455)  synthesized 
for  the  malaria  program  was  studied  in  the  mouse.  The  results  have 
been  included  in  the  IND  reports  of  the  Department  of  Pharmacology. 

B.  A  study  of  the  radioprotective  activity  of  a  5-carbon  aminothiol 
salt  submitted  by  the  French  Department  of  Defense  was  performed  and 
a  detailed  report  of  our  findings  was  submitted. 

XII.  Effect  of  WR  2823  on  Renal  Damage  From  Tumbling  Trauma 
Background 

Several  antiradiation  chemicals  have  been  reported  to  prevent 
mortality  in  mice  from  tumbling  injury.  The  mechanism  of  death  from 
this  type  of  injury  is  obscure  as  is  the  mechanism  by  which  these 
agents  prevent  death  from  this  and  other  experimental  stress.  The 
only  grossly  observable  damage  seen  in  mice  subjected  to  tumbling 
stress  is  a  non-contusive ,  hemorrhagic  necrosis  of  the  renal  medulla. 
Since  renal  failure  accompanies  so  many  types  of  disease  and  shock; 
an  effect  of  any  of  these  antiradiation  chemicals  to  prevent  renal 
damage  following  stress  could  have'crucial  implications  for  therapeu¬ 
tic  exploitation. 

Me  thod  s 


One  half  of  the  mice  were  treated  with  WR  2823  (50  m.,/kg  IP)  15 
minutes  before  tumbling  for  10  minutes;  simultaneously,  the  remainder 
received  water  injections  before  tumbling.  The  survivors  were  sacri¬ 
ficed  serially  for  observation  of  renal  pathology.  These  studies  were 
conducted  in  cooperation  with  the  Division  of  Experimental  Pathology. 

Results 


As  reported  before,  WR  2823  prevented  immediate  and  delayed  mortality 
from  tumbling.  The  degree  of  renal  pathology  was  also  less  in  the 
animals  pretreated  with  WR  2823. 

Discussion 

We  have  resisted  the  temptation  to  call  WR  2823  the  panacea  of  the 
nuclear  battlefield,  out  the  therapeutic  implications  for  the  applica¬ 
tion  of  this  type  of  drug  in  mass  casualty  situations  to  prevent 
mortality  from  disease  and  injury  are  staggering.  Clearly,  the  key 
to  the  prevention  of  renal  failure  is  the  prompt  establishment  of 
renal  function  as  evidenced  by  tua  results  using  diuretics.  Conse- 
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quently,  the  timel-  application  of  this  non-toxic  agent  as  a  prophyl¬ 
axis  could  conceivably  prevent  significant  numbers  of  renal  failure 
cases  associated  with  trauma  and  disease.  This  is  clearly  an  area  of 
potential  clinical  investigation  following  the  proposed  Phase  I  human 
studies. 

XIII.  Absorption,  Distribution  and  Excretion  of  WR  109,343 
Background 

WR  109,342,  given  orally  or  intraperitoneally ,  was  reported  to  afford 
prolonged  protection  against  the  lethal  effects  of  ionising  radiation 
in  mice.  35g  labelled  WR  109,342  was  administered  in  mice  via  IP  and 
PO  routes  to  test  the  hypothesis  that  this  prolonged  action  was  due 
to  delayed  excretion  of  the  chemical  agent. 

Method.) 

35S  labelled  WR  109,342  was  administered  at  30  mg/Kg  (orally)  and  12 
mg/Kg  (IP).  Tissues  and  excreta  were  examined  at  various  times  follow¬ 
ing  administration. 

Results 

Absorption,  distribution  and  excretion  patterns  were  similar  follow¬ 
ing  both  routes  of  administration.  The  levels  reached  maximum  at 
about  90  minutes  and  remained  high  from  15  minutes  through  4  hours 
(IP)  or  6  hours  (PO).  Excretion  of  label  is  nearly  quantitative  at 
48  hours  (75-85%). 

Discussion 


These  data  are  consistent  with  good  oral  absorption  of  this  agent  and 
prolonged  plasma  and  tissue  levels  as  a  result  of  slow  excretion  of 
the  chemical  in  mice. 
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23 (U)  To  isolate  and  purify  various  protein  antigens  from  plasmodia.  To  characterize 
these  substances  lmmunochemically ,  to  relate  immunochemical  characteristics  to  biologic 
activities,  such  83  protective  imm unity,  diagnostic  specificity,  cross  reactions  with 
normal  host  tissue  components,  etc, 

Sh(U)  Separate  parasite  proteins  by  physical  and  chemical  means.  Determine  the 
presence  and  activity  of  metabolic  antigens  in  the  plasma  of  acutely  infected  animals 
and  human  patients.  Analyze  the  fractionated  proteins  by  both  classical  and  new 
methods.  ' 

25(L’)  70  07  -  71  06  Anti-macrophage  globulin  caused  a  marked  decrease  in  circulating 
phagocytes  in  Plasmodium  berghei  infected  rats,  but  parasitemia  did  not  change  even  in 
several  different  dossge  patterns.  Anti-macrophage  globulin  did  not  block  hyperimmune 
serum  from  lowering  parasitemia  in  early  infections.  For  technical  report  see  Walter 
Reed  Army  Institute  of  Research  Annual  Progress  Report,  1  Jul  70  -  30  Jun  71. 
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Investigator:; 

Principal:  K.  H.  fLulun,  Sc. I).,  Lib.  Doc. 

Associate:  M.  A.  Dunn;  MA.T  U .  H.  Lour.ie,  MC 

1 .  Immune  response  in  rodent  malaria  modified  by  anti-cell  globulins . 

Anti -lymphocyte  globulin  (ALCi)  given  to  rats  before  infection  with 
P.  berghei  causes  an  increase  in  both  the  number  of  parasites  and  duration 
of  the  parasitemia.  The  immediate  effect  on  the  course  of  infection  is 
a  more  rapid  climb  of  the  parasitemia  during  the  first  48  hours.  The 
later  effects  are  a  markedly  increased  parasitemia,  more  severe  anemia 
and  prolonged  patency .  Most,  of  the  increased  mortality  after  ALG 
treatment  is  in  the  latter  period.  The  effect  of  AT.G  could  be  re¬ 
versed  by  the  administration  of  hyperimmune  rat  serum  at  the  time  of 
infection.  The  hyperimmune  serum  blocked  both  the  early  and  late 
effects  of  ALG;  the  infection  in  animals  treated  with  both  ALG  and 
hyperimmune  serum  was  not  different  from  controls.  The  role  of  phag¬ 
ocytosis  in  this  system  was  studied  with  anti-macrophage  globulin  (AMG) . 
The  AMG  caused  a  marked  fall  in  circulating  phagocytic  cells.  However, 
there  was  no  alteration  in  the  pattern  of  parasitemia  when  it  was  given 
in  several  dosage  patterns.  Furthermore,  the  anti -macrophage  globulin 
did  not  block  the  activity  of  the  hyperimmune  serum  in  lowering  the 
circulating  parasite  level  in  the  early  stages  and  there  were  no  de¬ 
layed  effects  on  the  course  of  the  disease .  TVse  studies  support 
the  concept  that  humoral,  factors  play  a  crucial  role  in  protection 
against  P.  berghei ,  especially  in  the  early  stage.  Further,  the 
humoral  factors  are  effective  in  the  'presence  of  impaired  delayed 
hypersensitivity  of  decreased  circulating  phagocytes . 


f 


Project  3A663713B829  MALARIA  PROPHYLAXIS 
Task  00,  Malaria  Investigations 

Work  Unit  106,  Antigenic  fractionatio.  .  serology  of  malaria 
Literature  Cited. 


hibli cations : 

Sadun,  E.  H. ,  Hickman,  R.  L.  and  Briggs,  N.  T. :  Jse  of  immune  globulin 
in  the  prevention  and  therapy  of  malaria.  Immunoglobulins:  282-292, 

Ed.  Ezio  Merler,  National  Academy  of  Science,  Washington,  P.  C . ,  1971. 


10G0 


♦o.  MO. /COOES:* 


11.  tOMTHAtT/OMS*  f 

«E.  AOOUACEI  MTIMATE 

A  EEOFKMlOMAL  MAM  YM 

k  annme) 

A  DATII/T  f  r  f.  C  Y  1  V4!l  NA  *«P»AA?ION. 

riECAt, 

WIH6WI - 

71 

11 

215 

C  TYPE.  4.  AEOUM  Fl 

ft.  KINO  or  »*A»b'  (.CUM.  AMY. 

Yf  AS 

ru«w» - 

72- 

11 

23  5 

IE.  R(l>OR  tl  Ck.  C  tv>0  PrftAM  •  t  •  Y  lOW  J  j 

RE.  RtH/OAMIBO  OMCAAIIATION  1 

1 

"*■«*  Waiter  Reed  Army  Institute  of  Research 

MARI;* 

Walter  Reed  Army  Institute  of  Research 
Division  of  Biochemistry 

Washington,  1).  C.  20012 


RCIROAStEt.C  laMVIWAL 

■  iw  Buesc.her,  COL  K.  L. 

i»M(  202-576-3551 


RESEARCH  AND  TECHNOLOGY  YORK  UNIT  SUMMARY 


0«TC  /RtV  SUU'NY  It.  AINO  Of  SUNMARY 

70  07  01  I  D.  Change: 


PROGRAM  ILtUlNT 


I.  CONTIUEUnwG 


637J3A 


CDOClG12A(2f) 


PROJECT  NUMMH 


3A66371 3D829 


T^nMNC^TcEMtO^TT^jArT^MIUMMAEr^™ 

DA  0A  6506  71  07  01 


tarot *r  com  no l  trumoL 
DD‘DR*K<AR)bJ6 


».  Mo*A  EtCUAtTV^ 

f.  nisnAOiMa* 

IA  DME*N  tMEYA'M 

•  A  3MICIFIC  OA1A. 

CON  TAACTOM  ACCIU 

U 

NA 

NL 

U  Tt>  O  «0 

K  «0K  MiT 


M- 


•ORK  UNIT  NOME** 


JQSL 


I.  TITkl  (RwttA*  »i*  i't«tllKA<i«  C»^J 

(U)  Biochemical  Effects  and  Mechanism  of  Action  of  Chemotherapeutic  Agents 

!.  tCirMT.FiC  «*U  rtCHKOI-OCIC*.  •  «'»* 

002600  Biology 
rTTiTTr  EXT! 

64  07 


■  7.  <%1l«iAT«0  COHXLCTtOX  DATt 

Cont 


I.  GRttfFIk  Ulf 

Foreign  Intelligence  Not  Considered 


.  FIMOM  RttCHCV 

DA  I 


Ha  HRrOWANCt  WTHftD 

C.  In-House 


Washington,  D.  C.  20012 


..IMCt.AL  IMVItTItATOA  (?****>  UM  '<  V-t.  i«* 

«“«•••  Angel,  LTC  C.  R. 
'«“***"  202-576-2211 

tociftt.  ttCUHITV  account  Muuaini 
A1ROCIATC  IMVlITIftATOnt 

«*“«'  Siu,  P.  M.  L.  Ph.D. 
Loftere.  R.  T,  Ph.lL- 


DA 


« mtSS&Ttzzx —  «*•<  (U)  Drug  Effects 

(U)  Plasmodium  berehei;  C«J)  Er.-vmes  (Ul  Drue  Analysis:  (Ul  Mechanisms  1.  OP.  BxuiL -Action! 

u-  TCC«»IC*L  OUJCCT1VC  *  l<  NO*C«.  >■  >.]>•<»  fT— UN.  luUlUTUU  u.«U»  x  ■—■■■'  TUTU.  ....  X  M..  UWT  C«~.| 

23.  (U)  Chemotherapeutic  agents  particularly  antlmalariol  drugs  will  be  examined  for 
their  metabolic  interaction  with  the  biological  environment.  The  mechanism  of  action  of 
each  drug  against  the.  malarial  parasite  will  be  biochemically  defined. 

24.  (U)  Plasmodium  species  in  various  animal  hosts  will  be  used  to  test  organisms  to 
evaluate  intermediary  metabolism  of  the  parasite,  and  the  responses  of  the  host  to  the 
antimalarial  agent  under  study.  Analytical  definitions  of  the  chemotherapeutic  agent 
and  its  distribution  in  biological  tissues  are  studied.  Synthesis  of  Important  meta¬ 
bolites  will  be  done. 

25.  (U)  70  07  -  71  06  Studies  with  the  C02  fixing  enzyme  phosphoenopyruvate  carboxylase 
Isolated  from  Plasmodium  berghei  havt  demonstrated  the  inhibitory  effect  of  quinine, 
chloroquine,  iron,  copper  and  mercury  while  magnesium,  manganese  end  cobalt  are  required 
for  the  enzyme  to  function.  The  effect  of  iron  on  parsite  growth  and  multiplication 
has  been  examined  and  the  data  suggest  that  chloroquine  increases  intracellular  iron 
thus  inhibiting  CC2  fixing  enzymes  in  the  parasite  with  the  resultant  der.ial  of 
essential  intermediates  such  as  oxaloacetate ,  amino,  koto  and  other  organic  acids  to  the 
parasite.  Studies  involving  diaminodiphenylsulfone  (DDS)  have  been  carried  out  analyti¬ 
cally  to  define  impurities  found  in  DDS  preparations.  Four  major  impurities  have  been 
•characterized  and  are  either  analogs  of  DDS  or  substituted  chloro  and  hydroxyl  deriva¬ 
tives.  "In  vitro"  studies  have  established  that  DDS  is  indeed  a  potentiator  of  MHb  for¬ 
mation  through  the  formation  of  an  N-OH  derivative.  "In  vivo"  studies  of  the  interaction 
of  chloroquine  and  primaquine  with  alcohol  dehydrogenase  has  demonstrated  that  under  the 
usual  conditions,  CP  tablets  have  no  effect  on  the  oxidation  of  alcohol.  For  technical 
reports,  see  Ualter  Reed  Army  Institute  cjfQ^e^earch  Annual  Progress  Report,  1  Jul  70  - 
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Work  Unit  108,  Biochemical  effects  and  mechanism  of  action  of  chemo¬ 
therapeutic  agents 


Investigators. 

Principal:  LTC  Charles  R.  Angel,  MSC 

Associate:  LTC  Douglas  J.  Beach,  MSC;  Betty  J.  Boone,  Ph.D.; 
Larissa  OeBarre,  M.D.;  Seymour  Garson,  Ph.D.; 

CPT  Paul  A.  Kramer,  MSC;  LTC  Ting-Kai  Li,  MC; 

Elvio  A.  Levri,  M.S.;  Robert  T.  Lofberg.  Ph.D.; 
Benjamin  Mehlman,  M.S.;  Joseph  T.  Piechocki,  M.S.; 
Patrick  M.  L.  Siu,  Ph.D. 

DESCRIPTION. 


The  technical  oojectivesof  this  work  unit  are  to  examine  chemical 
compounds  found  to  be  of  value  in  the  treatment  of  malaria  from  the 
analytical  chemistry  point  of  view;  develop  methodology  for  the  com¬ 
pounds  of  interest  in  the  biological  environment;  examine  and  quantify 
the  enzymes  required  for  the  metabolism  of  the  compound;  isolate  and 
chemica’ly  define  metabolic  intermediates;  and  to  study  the  inter¬ 
mediary  metabolism  of  the  parasite  along  with  its  response  to  the 
chemical  compounds  of  interest. 

PROGRESS. 

1 .  Analytical  Chemistry  of  Antimalarials. 

During  the  reporting  period  efforts  in  this  area  have  been 
limited  to  the  following  compounds:  diami nodi  phenyl sul fone  (DDS);  di¬ 
formyl  di  ami  nod  i  phenyl  sul  fone  (DFD) ;  6- bromo-a-d  i  -n^-heptyl  ami  nomethyl  - 
9-phenanthrene  methanol  hydrochloride  (WR  33063);  and  6,8~dichloro-2- 
(3* ,4'-dichlorophenyl )-a-(di-n-butylaminoethyl )-4-quinoline  methanol 
hydrochloride  (WR  30090).  The  two  sulfones  when  examined  by  thin  layer 
chromatography  were  shown  to  have  small  quantities  of  impurities  that 
do  not  exceed  5%  of  the  total  compound.  DDS  contains  a  total  of  four 
impurities  namely  4-ami  no-4' -chi orodiphenyl sul fone;  4-ami  nodi  phenyl  - 
sulfone;  2, 4-diaminodl phenyl -su  l fone;  and  4-ami  no-4 ' -hydroxydi phenyl  - 
sul fone.  These  similar  structural  analogs  were  in  the  original  mate¬ 
rial  used  by  the  manufacturer  and  were  not  introduced  in  the  pilling 
process.  DFD  was  shown  to  have  two  impurities  that  were  defined  as 
the  monofarinyl  derivative  and  DDS.  These  results  are  consistent  with 
the  slow  conversion  of  the  di formyl  dapsone  to  the  monformyl  dapsone 
and  then  to  DOS.  WR  33063  and  WR  30090  were  examined  by  gas  liquid 
chromatography  and  have  not  given  any  Indication  of  inherent  impurities. 
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2 .  Methodology  Development. 

Microbore  column  chromatography  employing  an  ethyl  acetate  gra¬ 
dient  coupled  with  an  ultraviolet  detection  system  has  been  established 
for  chemical  definition  of  the  above  compounds.  This  technique  has  been 
successful  in  the  separation  of  impurities  allowing  them  to  be  prepared 
in  quantities  suitable  for  ultraviolet,  infrared  and  nuclear  magnetic 
spin  resonance  measurements.  Gas  chromatography  has  been  employed  as 
the  method  of  noice  for  the  detection  of  WR  33063  and  WR  30090.  Both 
the  free  base  end  the  silyl  derivatives  of  both  compounds  ran  be  quanti¬ 
tatively  determined  with  a  yield  of  90%  by  means  of  flame  ionization. 
However,  precision  and  the  limit  of  detection  can  be  materially  improved 
by  use  of  a  Ni -63  electron  capture  detector.  Synthesis  efforts  have  in¬ 
cluded  the  preparation  of  each  of  the  impurities  found  in  CDS  and  DFD  tc 
allow  for  chemical  definition  and  characterization. 

In  addition,  four  antimalarial s  containing  a-(di-n-butyl-amino- 
rnethyl )  side  chain,  and  varying  substituentsin  3-  and  6-positions  were 
selected  for  synthetic  work.  The  selection  cf  these  compounds  was  based 
upon  previous  test  results  in  the  hopes  that  the  compounds  would  show  a 
high  degree  of  antimalarial  activity,  an  acceptable  level  of  side  ef¬ 
fects  and/or  phototoxicity. 

The  amounts  of  the  compounds  obtained  at  this  time  were  suffici¬ 
ent  to  establish  their  structures  by  various  analytical  and  physical 
methods.  Attempts  are  being  extended  to  improve  the  yield  so  that  they 
may  be  tested  for  their  biological  activity. 

Secondly,  the  following  intermediates  of  the  DDS  family  were 
synthesized  for  testing  their  biological  activity  as  chemotherapeutic 
agents. 

a .  4-ami  no-4 ' -hydroxyl  ami  nodi  phenyl sul fone . 

b .  4-acetyl  ami  no -4 ’ - (N-acetyl - 0-acetyl hydroxy-ami  no ) -diphenyl  - 

sul fone. 

c .  4,4' -acetyl ami  nodiphenyl sul fone . 

d .  4-hydroxy-4 1 -ami  nodiphenyl sul fone . 

e.  4-hydroxy-4'-chlorodi phenyl sul fone. 

f.  4-chlorophenyl ,  phenyldisul fone, 

^ •  Metabolism  of  Chemother apeutics  in  Malaria. 

a.  Fffect  of  p-substi tuted  diphenylsulfor.es  on  methemoglobin 
formation  in  vitro.  Dapsone  is  an  antimalarial  drug  which  can  produce 
abnormal  amounts  of  MHb  i_n  vivo,  apparently  through  the  action  of  an 
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unidentified  metabolite.  In  order  to  discern  the  chemical  nature  of 
such  a  compound,  13  p-substi tuted  derivatives  were  examined  for  their 
ability  to  oxidize  hemoglobin  to  methemoglobin  in  human  erythrocytes  in 
vi tro.  4-amino,  4'-hydroxylaminodiphenylsulfone  was  found  to  be  most 
effective,  1.9  x  1C“5  M  drug  oxidizing  as  much  as  60%  of  the  hemoglobin 
available  or  about  100  heme  equivalents/mole  drug  in  two  hours.  Glucose 
ana  oxygen  were  required  for  this  process.  With  dialyzed  hemolysates 
and  solutions  of  purified  hemoglobin,  the  heme  equivalents  oxidized/mole 
drug  become  less  than  10,  but  a  ratio  of  80-100  can  be  restored  by  add¬ 
ing  reducing  compounds  such  as  GSH  or  NADPH.  Apparently,  4-amino,  4'- 
hydroxylaminodiphenylsulfone  produces  MHb  by  coupled  oxidation  with 
hemoglobin  and  oxygen  and  can  be  regenerated  by  reducing  compounds  to 
yield  the  high  heme  oxidation  ratio.  Incubation  of  galactose-treated 
erythrocytes  with  4-ami  no, 4 '-hydroxyl  ami ncdi phenyl sulfone  resulted  in 
less  NADPH  production  by  the  hexose  monphosphate  shunt  than  in  glucose- 
treated  cells  and  a  decreased  formation  of  methemoglobin  and  reduced 
GSH  level  was  observed.  Depletion  of  intracellular  GSH  by  treating  the 
erythrocytes  with  methyl  phenyl  azoformate  also  reduced  the  amount  of  met¬ 
hemoglobin  produced  by  4-aml no, 4 ‘-hydroxyl  ami  nodi  phenyl sulfone.  These 
observations  implicate  GSH  and/or  NADPH  in  the  recycling  of  this  drug 
in  erythrocytes .  Consistent  with  these  interpretations,  4-amino,  4'- 
hydroxylaminodinhenylsulfone  produced  only  1/3  as  much  methemoglobin  in 
erythrocytes  from  2  individuals  with  glucose-6-phosphate  dehydrogenase 
deficiency  as  it  did  in  normal  erythrocytes.  The  present  observation 
that  4-ami  no, 4‘ -hydroxyl  ami  nodi  phenyl sulfone  is  a  notent  producer  of 
MHb  reinforces  the  Mkelinoadthat  DDS-N0K  is  indeed  produced  as  a  quan¬ 
titatively  minor  metabolite  of  dapsone  which  nevertheless  plays  a  signi¬ 
ficant  role  in  the  methemoglobinemia  observed  in  persons  using  the  drug. 

b.  Effect  of  malaria  chemotherapeutic  agents  upon  alcohol 
metabolism  and  alcohol  dehydrogenase.  Last  year,  it  was  reported  that 
primaquine  and  a  number  cf  8-ami no-6-methoxyqui no  line  compounds  in¬ 
hibited  horse  liver  alcohol  dehydrogenase.  This  study  was  extended  to 
human  liver  alcohol  dehydroger.-se.  The  enzyme  was  isolated  from  a 
single  liver,  obtained  at  autopsy  and  purified  approximately  200-fold. 
Kinetic  studies  showed  chat  primaquine  also  inhibited  human  liver  alco¬ 
hol  dehydrogenase  competitively  with  respect  to  the  coenzyme,  NAD. 
However,  the  inhibition  constant  was  30  uM  as  compared  to  2  yM  for  the 
horse  liver  enzyme.  Thus,  the  humar  enzyme  was  not  as  susceptible  to 
Inhibition  by  primaquine  as  is  the  horse  enzyme.  As  with  the  horse 
liver  enzyme,  chloroquine  did  not  inhibit  at  all. 

These  studies  suggested  that  primaquine  may  interfere  with 
alcohol  metabolism  in  vivo.  To  examine  whether  or  not  primaquine,  in 
doses  used  for  malaria  prophylaxis,  actually  causes  a  disturbance  of 
ethanol  metabolism,  CP  tablets  (45  mg  primaquine  phosphate  and  300  mg 
chloroquine  phosphate)  were  administered  to  six  healthy  human  subjects 
and  alcohol  tolerance  tests  performed.  The  rates  of  ethanol  disappear¬ 
ance  from  blood  after  ~nuestion  of  the  CP  tablet  was  compared  to  that 


* 


ior,4 


performed  without  the  CP  tablet.  No  differences  in  rates  were  observed. 
These  data  thus  indicate  that  when  given  in  the  dose  and  schedule 
employed  for  malaria  prophylaxis  to  healthy  individuals,  primaquine 
does  not  detectably  alter  ethanol  oxidation.  However,  since  primaquine 
is  an  effective  inhibitor  of  alcohol  dehydrogenase,  it  is  conceivable 
that  its  effects  may  become  manifest  physiologically  when  liver 
functions  are  compromised  or  when  the  degradation  and  excretion  of  pri¬ 
maquine  is  impaired. 

c.  Carboxylase  activity  in  Plasmodium  berqhei .  Phosphoenol- 
pyruvate  carboxylase  was  isolated  from  P.  berqhei  and  partially  puri¬ 
fied.  The  enzyme  is  shown  to  be  inhibited  by  quinine,  chloroquine, 
iron,  copper  and  mercury.  Magnesium,  manganese,  or  cobalt  is  required 
in  the  reaction.  The  study  of  the  effects  of  small  molecules  on  the 
carboxylase  shows  that  it  is  not. affected  by  acetylCoA,  fructose  di¬ 
phosphate  and  cyclic  AMP-3',5'.  Avidin  also  had  no  effect  in  concentra¬ 
tions  of  30  ug  and  60  ug  per  ml  of  the  reaction  mixture.  A  rapid  loss 
of  enzymic  activity  was  observed,  however,  in  the  presence  of  added 
urea.  The  carboxylase  is  shown  to  be  composed  of  subunits  and  the 
assembly  c  .Jse  subunits  is  affected  by  Mg++.  Chloroquine  stimulates 
the  uptake  of  iron  into  the  blood  cells  of  mice.  The  incorporation  of 
radioactive  iron  from  i ron-59-ci trate  is  approximately  33%  greater  in 
the  presence  of  chloroquine  than  the  saline  control.  In  vivo  studies 
with  mice  showed  that  the  average  parasitemia  in  infected  mice  treated 
with  iron  is  4  to  6  times  less  than  that  found  in  infected  mice  kept 

on  a  low  iron  diet.  Mice  treated  with  iron  plus  chloroquine  show  an 
even  lower  average  parasitemia,  i.e.,  10  to  13  times  less  than  mice 
kept  on  a  low  iron  diet.  The  results  were  statistically  significant 
with  p  values  of  less  than  0.001. 

d.  The  effect  of  iron  on  Anopheles  stephensi.  It  has  been 
shown  that  water  containing  iron  i s""a nopHe line  sterile  and  that  iron 
soils  are  inhibitory  to  breeding.  Larvae  from  normal  A_.  stephensi 
were  allowed  to  develop  in  different  concentrations  of  ferric  "chloride 
solutions  to  adulthood.  It  was  previously  determined  that  second  in¬ 
star  stage  larvae  of  A.  stephensi  were  killed  within  18  hours  when 
allowed  to  develop  in  'iron  solutions  containing  .01-1.0  mg/ml  iron. 

Large  numbers  of  eggs  from  normal  A.  stephensi  were  allowed  to  hatch 
and  develop  into  adulthood  in  a  solution  of  2, 5  ug  ferric  chloride  per 
ml.  The  adults  were  fed  on  a  rabbit  and  divided  into  two  groups.  One 
group  (Group  1)  of  A.  stephensi  were  allowed  to  oviposit  in  tap  water 
and  the  second  group  ((Troup  2)  in  a  solution  containing  2.5  ug  ferric 
chloride  per  ml.  Two  hundred  fifty  eggs  were  placed  into  pans  with 
media  of  different  ferric  chloride  concentrations  and  allowed  to  hatch 
and  pupate.  The  results  obtained  are  as  follows: 
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Medium 


Percent  Pupation _ 

Group  1  Group  2  Difference 


Control  (no  iron) 

40 

35 

5 

2.5  tig  Fe+++/ml 

49 

30 

19 

1.25  uq  Fe+f+/ml 

77 

22 

55 

0.625  ug  Fe+++/rnl 

57 

17 

40 

0.313  kj  Fe+++/ml 

63 

56 

7 

0.156  ug  Fe+++/ml 

73 

50 

23 

0.078  ug  Fe+++/ml 

25 

15 

10 

The  results  thus  far  obtained  are  considered  preliminary  in 
that  no  quantitative  conclusions  can  be  made  from  the  data.  It  appears 
from  the  data  obtained  that  iron  does  indeed  have  an  effect  on  the  de¬ 
velopment  of  A.  stephensi .  Special  note  must  be  given  to  the  fact  that 
the  percent  of  pupation  from  the  eggs  is  consistently  lower  when  the 
eggs  were  allowed  to  develop  under  constant  iron  pressure  than  when 
the  eggs  were  allowed  to  develop  in  iron  after  oviposited  in  water. 

4 .  Experimental  Malaria  in  the  Hamster. 

a.  Thyroid  function  and  2,3-d .phosphoglycerate  content  of 
erythrocytes  in  experimental  malar ia.  Preliminary  observations  indicate 
that  a  significant  reduction  in  the  size  of  the  thyroid  occurs  in  young 
adult  male  hamsters  at  12  to  14  days  after  intraperitoneal  inoculation 
with  2  x  10'  parasitized  (Plasmodium  berg he i )  red  blood  cells.  This 
was  observed  in  17  of  20  hamsters  examined;  oarasitemias  at  this  time 
were  approximately  18%.  Determinations  of  total  circulating  thyroxine 
(T-4)  by  a  competitive  binding  procedure  showed  that  T-4  values  in  4 
of  5  infected  hamsters  were  decreased  as  much  as  50%  when  compared  to 
control  values.  Conclusions  regarding  the  physiological  and  homeostatic 
implications  of  these  observations  will  be  delayed  pending  their  corro¬ 
boration.  In  this  regard,  a  comprehensive  study  will  be  undertaken  to 
include  other  pa  rasters  of  thyrometabol ic  function.  Other  rodents 
infected  with  P.  berghei  will  also  be  examined;  subsequent  studies,  if 
warranted,  couTd  involve  different  malaria  parasites. 

It  has  been  reported  that  elevated  concentrations  of  erythrocyte 
2,3-diphosphcglycerate  (2,3-DPG)  occur  in  hyperthyroid  patients  as  well 
as  in  normal  rad  cellr  incubated  with  T-3  (3,5,3-'triiodi-L-thyronine) 
cr  T-4,  with  a  subsequent  increase  in  dissociation  of  oxygen  from  hemo¬ 
globin.  Accordingly,  it  was  thought  that  a  reduced  thyroid  function 
might  contribute  to  a  state  of  tissue  anoxia  regarded  by  some 
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investigators  to  be  the  primary  pathogenic  manifestation  of  malaria 
infection;  anemia,  except  under  extreme  conditions,  would  appear  to  be 
of  minimal  significance  in  this  regard.  Moreover,  splenic  ery throstasis , 
as  might  be  encountered  in  malaria,  with  an  associated  fall  in  pH  and 
subsequent  activation  of  2,3-DPGase  would  also  lower  the  red  cell  con¬ 
tent  of  2,3-DPG.  This  is  currently  under  investigation  in  P_.  berqhei 
infected  hamsters;  however,  preliminary  results,  contrary  to  expecta¬ 
tions,  show  that  2,3-DPG  levels  are  moderately  elevated  in  infected 
red  cells  when  compared  to  non-inf ected  cells. 

b.  Serum  lipids  in  experimental  malaria.  The  evidence  pertain¬ 
ing  to  a  disordered  lipid  metabolism  in  malaria  is  still  quite  fragmen¬ 
tary.  Fatty  livers  have  been  observed  in  rodent  and  similar  malarias. 
However,  investigations  on  the  blood  levels  of  various  lipid  components 
in  malaria  infections  have  yielded-  variable  results.  The  interrelation¬ 
ships  of  drug  hepatotoxici ty  and  lipid  metabolism,  with  some  relevance 
to  malaria,  have  been  the  subject  of  several  reports.  The  present  study 
was  undertaken  to  determine  if  a  broad  investigation  of  lipid  metabolism 
in  experimental  malaria  is  warranted.  An  examination  was  made  for 
possible  alterations  in  serum  lipoprotein  patterns  and  in  the  serum  con¬ 
centrations  of  various  lipid  fractions  throughout  the  course  of  infection 
with  £.  berqhei  in  the  hamster. 

Separate  groups  of  fasted  male  hamsters  were  bled  from  the 
heart  under  light  ether  anesthesia  at  intervals  of  4,  7,  12,  17,  21  and 
26  days  subsequent  to  ir.traperitoneal  inoculation  with  2  x  10?  parasi¬ 
tized  red  blood  cells.  Non-infected  controls  were  included  at  each 
interval.  Parasitemia  and  hematocrit  determinations  were  made  prior  to 
exsanguination  on  blood  obtained  from  the  orbital  venous  pleurus. 
Measurements  in  serum  were  trade  of:  total  lipids,  total  cholesterol, 
triglycerides,  phospholipids  and  free  fatty  acids.  Lipoprotein  patterns 
were  obtained  by  means  of  agarose  gel  electrophoresis . 

This  study  is  still  in  progress;  however,  the  available  data 
may  be  summarized  briefly.  Parasitemia  progressed  from  a  mean  value  of 
2.0%  on  the  4th  day  of  infection  to  a  maximum  of  38.7%  on  day  21,  then 
declined  on  day  26  to  14.5%.  The  latter  group  represented  survivors  in 
an  apparent  state  of  recovery  from  the  infection.  Mean  hematocrit 
values  decreased  from  55.6%  on  day  4  to  18.8%  on  day  21,  then  rose  to 
44.6%  on  day  26.  The  total  serum  lipid  and  cholesterol  concentrations 
showed  remarkably  similar  patterns  throughout  the  course  of  infection. 
This  Involved  a  significant  reduction  on  the  7th  day  of  infectipn  which 
persisted  through  day  12,  followed  by  a  progressive  rise  through  day  21 
(for  total  lipids)  and  day  26  (for  total  cholesterol).  Comparable 
results  have  since  been  obtained  in  a  subsequent  experiment.  These 
observations  are  especially  interesting  in  light  of  previous  reports  by 
Krlshnan  et  al_, ,  (1936)  and  Kehar  (1937)  dealing  with  P.  knowlesi  in¬ 
fections  Tn  monkeys.  These  authors  noted  a  fall  of  total  blood  lipids 
and  cholesterol  24  hours  prior  to  the  onset  of  hemoglobinuria,  followed 


by  a  sharp  rise  before  death.  In  monkeys  which  did  not  develop  hemo¬ 
globinuria,  the  fall  in  cholesterol  continued  uninterrupted.  No  sat¬ 
isfactory  explanation  has  been  offered  for  these  changes.  Elsewhere  in 
the  current  reports  we  have  noted  the  onset  of  an  intense  hemoglobinuria 
in  hamsters  during  the  secc.  d  week  of  infection  with  P_.  berghei . 

Triglyceride  values  showed  a  moderate,  but  progressive,  rise 
through  day  17,  with  little  further  change  in  days  21  and  26.  The  lipo¬ 
protein  pattern  which  emerged  in  the  course  of  infection  was  essentially 
one  of  hyperbeta-1 ipoproteinemia  accompanied  in  the  final  intervals  by 
a  decrease  in  alpha-1 ipoproteins,  the  latter  probably  indicative  of  ad¬ 
vancing  liver  disease.  A  further  discussion  of  the  results  will  be 
delayed  pending  completion  of  this  study. 

c.  Physiological  alterations  in  hamsters  infected  with  Plasinod- 
_ium  berghei .  Infections  with  berghei  in  mice  and  in  young  rats  are, 
almost  invariably,  fulminant  and  rapidly  fatal;  however,  a  more  pro¬ 
longed  clinical  course  of  infection  occurs  in  hamsters.  The  present 
study  was  undertaken  to  determine  if  hamsters  infected  with  P.  berghei 
would  provide  a  suitable  and  convenient  model  for  investigations  of 
malarial  pathophysiology. 

The  course  of  P.  berghei  infection  in  fasted  male  hamsters 
inoculated  with  2  x  107  parasitized  red  blood  cells  was  studied 
sequentially  in  terms  of  parasitemia,  hematology,  blood  chemistry, 
relative  organ  weights,  tissue  enzyme  levels  and  selected  urinary  con¬ 
stituents  . 

Death  from  infection  first  occurred  14  days  after  incoluation; 
survivors  on  day  21  were  extreme!''  debilitated.  Parasitemia  progressed 
from  a  mean  value  of  1.9%  on  the  4th  day  of  infection  to  a  maximum  of 
36.2%  on  day  21  and  was  paralleled  by  a  rise  in  reticulocytes  from 
0.6%  to  47.0%.  Mean  hematocrit  values  during  this  period  decreased 
from  55.4%  to  15.3%,  however,  individual  hematocrits  as  low  as  9.0%  were 
recorded.  Splenomegaly  was  evident  as  early  as  the  4th  day  of  infection. 

The  onset  of  an  intense  hemoglobinuria  was  often  noted  in  the 
second  week  of  infection.  Concomitant  or  subsequent  urinary  changes 
included  the  occurrence  of  polyuria  and  aminoaciduria  without  obvious 
changes,  however,  in  the  pattern  of  free  amino  acid  excretion  or  in 
blood  amine  acid  excretion. 

Hypoalbuminemia  and  hyperglobiriemia  were  present  beyong  the 
4th  day  of  infection.  Infected  hamsters  also  showed  progressive  eleva¬ 
tions  in  SGC-T,  SGP-T,  urea  nitrogen,  creatinine  and  lactic  acid. 

Levels  of  serum  glucose  and  uric  acid  markedly  decreased.  Glutamic- 
oxalacetic  transaminase  and  glucose-6-phosphatase  activities  in  infected 
liver  and  kidneys  were  moderately  decreased  in  the  course  of  infection. 
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d.  Tissue  culture  growth  of  Plasmodium  fa  1  lax.  When  subcultures 
of  embryonic  turkey  brain  inoculated  with  the~ex'oerythrocytic  or  tissue 
stages  of  an  avian  malarial  parasite  P_.  fa  1  lax  were  incubated  for  48 
hours,  parasitemias  rose  50  to  85%.  This  was  accompanied  by  alteration 
in  free  amino  acid  pool  of  parasitised  cells.  This  observation  may  have 
some  effect  on  the  protein  synthesis  of  parasites.  This  study  was  under¬ 
taken  in  collaboration  with  person  e  of  the  Naval  Medical  Research  Insti¬ 
tute. 

SUMMARY. 

Chemotherapeutic  agents  particularly  antimalarial  drugs  were  examined 
for  their  metabolic  interaction  with  the  biological  environment.  The 
mechanism  of  action  of  each  drug  against  the  malarial  parasite  was  bio¬ 
chemically  defined.  Plasmodium  species  in  various  animal  hosts  was  used 
to  test  organisms  to  evaluate  intermediary  metabolism  of  the  parasite, 
and  the  responsens  of  the  host  to  the  antimalarial  agent  under  study. 
Analytical  definitions  of  the  chemotherapeutic  agents  and  its  distribu¬ 
tion  in  biological  tissues  was  studied.  Synthesis  of  important  meta¬ 
bolites  was  accompl irhed.  Studies  with  the  C02  fixing  enzyme  phospho- 
enopyruvate  carboxylase  isolated  from  P_.  berghei  demonstrated  the  in¬ 
hibitory  effect  of  quinine,  chloroquine,  iron,  copper  and  mercury  while 
magnesium,  manganese  and  cobalt  are  required  for  the  enzyme  to  function. 
The  effect  of  iron  cn  parasite  growth  and  multiplication  was  examined 
and  the  data  suggest  that  chloroquine  increases  intracellular  iron  thus 
inhibiting  C02  fixing  enzymes  in  the  parasite  with  the  resultant  denial 
of  essential  intermediates  such  as  oxaloacetate,  amino,  keto  and  other 
organic  acids  to  the  parasite.  Studies  invovling  diaminodiphenylsulfone 
(DDS)  were  carried  out  analytically  to  define  impurities  found  in  DDS 
preparations.  Four  major  impurities  were  characterized  and  are  either 
analogs  of  DDS  or  substituted  chloro  and  hydroxyl  derivatives,  jjn 
vitro  studies  established  that  DDS  is  indeed  a  potentiator  of  methemo- 
globin  formation  through  the  formation  of  an  N-OH  derivative.  ]n_  vi vo 
studies  of  the  interaction  of  chloroquine  and  primaquine  with  alcohol 
dehydrogenase  Jemonstrated  that  under  the  usual  conditions,  CP  tablets 
have  no  effect  on  the  oxidation  of  alcohol. 
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pharmacologic,  immunologic,  and  entomologic  investigations  of  naturally  occurring 
malaria. 
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parasites  have  been  studied,  utilizing  both  ir.  vivo  and  in  vitro  techniques.  The 
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malaria  antibody  is  to  be  examined  for  it's  protective  effect.  Vector  populations 
and  climatic  conditions  are  monitored  longitudinally  at  the  study  sites. 

25.  (U)  70  07  -  71  06  Chloroquine  resistance  of  Plasmodium  falciparum  is  highly 
prevalent.  The  in  vitro  test,  with  severa]  limitations,  is  reliable  for  detection  of 
resistance.  Tetracycline  is  an  effective  nntiraalarlal  against  P.  falciparum. 

Anopheles  balabacensis  is  still  the  primary  vector  in  malarious  areas  under  study. 

For  technical  reports  see  Walter  Reed  Army  Institute  of  Research  Annual  Progress  Report, 

1  Jul  70  -  30  Jun  71. 
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Investigators . 

Principal:  Edward  J.  Colwell,  LTC,  MC 

Associate:  Wisit  Benjapong,  M.D.;  Prajim  Boonyakanist;  Douglas 
J.  Gould,  Ph.D.;  Bruce  A.  Harrison,  OPT,  MSC; 

Robert  L.  Hickman,  MAJ,  VC;  Y.  M.  Huang,  Ph.D.; 

Peter  K.  Iber,  MAJ,  MSC;  Sanong  Kosakal,  M.D.; 
Banham  Laizuthai,  MAJ,  MC,  RTA;  Kol  Mongkolpanya; 
Supat  Noeypatimanond,  M.D.;  Walter  W.  Noll,  MAJ, 
MC;  Larp  Panthusiri;  Katchrinnee  Paranand,  M.D.; 

E.  L,  Peyton;  Pung  Phintuyothin,  MG,  MC,  RTA  (Ret.); 
Rampa  Rattanararithikul;  Narong  Sadudee,  M.D.;  John  E. 
Scanlon,  Ph.D.;  Sunthom  Sirivanakam;  Michael  F. 
Sullivan,  CPT,  MSC;  R.  N.  Wilkinson,  CPT,  MSC; 
Norman  E.  Wilks,  LTC,  MSC;  Vithune  Yuthasas-kosol, 
M.D. 
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Investigations  of  In  Vivo  and  In  Vitro  Responses  to  Chloroquine  in 
Thai  Nationals  with  Falciparum  Malaria 

Principal  Investigate.-:  Edward  J.  Colwell,  LTC',  MC 

Associate  Investigators:  Pung  Phincuyothir.,  MG,  MC,  RTA,  (Ret) 

Narong  Sadudee,  M.D. 

Wisit  Benjapong,  M.D. 

Supat  Noeypatimanorid,  M.D. 

OBTECTIVE:  To  evaluate  the  reproducibility  and  reliability  of  an  in 
vitro  technique  to  detect  chloroquine  resistant  strains  of  P,  falciparum. 

DESCRIPTION:  An  in  vitro  technique  reported  by  Rieckmann  and 
associates  was  employed  for  detection  of  chloroquine  resistant 
strains  among  residents  of  a  district  in  Central  Thailand.  Their 
technique  consists  simply  of  an  in  vitro  cultivation  of  infective  blood 
with  graded  concentrations  of  chloroquine.  The  indicator  response 
is  the  degree  of  development  or  inhibition  of  schizogony  in  the 
presence  or  absence  of  the  drug.  In  addition  to  in  vitro  testing,  the 
clinical  responses  to  conventional  chloroquine  administration  were 
also  determined. 

PROGRESS:  Both  in  vivo  and  in  vitro  responses  to  chloroquine  were 
successfully  measured  m  57  Thai  adult  and  adolescent  subjects 
infected  with,P.  falciparum .  Fifty-five  of  the  5  7  exhibited  clinical 
resistance  following  conventional  chloroquine  administration.  In 
comparison  with  Rieckmann's  studies  on  the  in  vitro  chloroquine 
sensitivity  ofJP.  falciparum  from  Uganda,  the  asexual  parasites 
from  all  57  Thai  subjects  in  our  study  oxhibited  in  vitro  chloroquine 
resistance. 

Replicate  in  vitro  examinations  performed  on  blood  specimens  from  5 
subjects  demonstrated  an  acceptable  experimental  error. 

Two  major  limitations  of  the  in  vitro  test  precluded  examinations  of 
many  infected  individuals.  These  were  high  parasite  densities  (over 
20,000  per  cmm)  and  the  stage  of  trophozoite  maturity  at  the  time  of 
inititation  of  the  cultures. 

SUMMARY:  The  In  vitro  chloroquine  sensitivity  test,  with  several 
limitations,  was  a  reliable  indicator  for  detection  of  chloroquine 
resistant  strains  of  P.  falciparum. 
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jn  Vitro  Chloroquine  Resistant  Falciparum  Malaria  in  Thailand 

Principal  Investigator:  Edward  J.  Colwell,  LTC,  MC 

Associate  Investigators:  Robert  L.  Hickman,  MAJ#  VC 

Pung  Phintuyothin,  MG,  MC,  RTA,  (Ret) 
Narong  Sadudee,  M.D. 

Sanong  Kosakal,  M.D. 

OBTECTIVE:  To  determine  the  rates  of  chloroquine  resistant 
falcipamm  malaria  utilizing  an  in  vitro  technique. 

DESCRIPTION:  The  simplified  in  vitro  technique  described  by 
Rieckmarm  et  al  was  utilized  at  three  different  locations  in  Thailand 
for  the  detection  of  chloroquine  resistant  strains  of  P.  falciparum. 

PROGRESS:  Successful  in  vitro  chloroquine  sensitivity  tests  were 
performed  on  blood  specimens  obtained  from  65  residents  of 
Phrabuddhabat  in  Central  Thailand,  39  residents  of  Trat  in  the 
Southeast,  and  18  residentr  of  Nong  Khai  vicinity  in  the  Northwest. 

All  were  infected  with  single  P.  falciparum  infections.  In  com¬ 
parison  with  Rieckmann's  in  vitro  studies  on  a  known  chloroquine 
sensitive  strain  ofP.  falciparum  from  Uganda,  only  3  blood  specimens 
from  the  Thai  residents  of  our  study  exhibited  parasites  which  were 
chloroquine  sensitive.  Two  resided  in  Trat  and  one  resided  near 
Nong  Khai. 

Two  major  technical  limitations  of  the  in  vitro  test  precluded  exam¬ 
ination  of  all  infected  subjects  ar.d  resulted  in  jn  vitro  culture 
failures  of  specimens  from  approximately  one  third  of  individuals 
examined.  The  failures  were  caused  by  high  parasite  density  and 
an  inadequate  stage  of  trophozoite  maturity.  Attempts  to  resolve  the 
problem  of  high  parasite  densities  by  means  of  a  normal  saline 
dilution  were  usually  followed  by  inadequate  in  vitro  parasite 
maturation  responses.  Other  technical  problems  were  bacterial 
contamination  of  cultures  and  electrical  power  failures  which  impaired 
the  in  vitro  incubation  periods. 

S'J MMAKY:  The  rates  for  chloroquine  resistant  falciparum  malaiia, 
as  detected  by  a  simplified  in  vitro  technique,  in  3  areas  of  Thailand 
were  100%  in  Phrabuddhabat,  95%  in  Trat  and  94%  in  Nong  Khai. 
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Tetracycline  Treatment  of  Asymptomatic  and  Acutely  ill  Subjects 
with  Falciparum  Malaria 

Principal  Investigator:  Edward  J.  Colwell,  LTC,  MC 

Associate  Investigators:  Robert  L.  Hickman,  MAJ,  VC 

Sanong  Kosakai,  M.D. 

Pung  Phintuyothin ,  MG,  MC,  RTA,  (Ret) 

OBJECTIVE:  To  evaluate  the  efficacy  of  tetracycline  in  asymptomatic 
and  acutely  ill  subjects  with  P.  falciparum  infections. 

DESCRIPTION:  Asymptomatic  adults  with  low  grade  parasitemias 
were  administered  250  mg  of  tetracycline  every  6  hours  for  10  days. 
Acutely  ill  subjects  were  alternately  assigned  to  one  of  two  treatment 
groups.  One  group  received  oral  quinine,  540  mg  base  every  8  hours 
for  3  days,  followed  by  tetracycline,  250  mg  every  6  hours  for  10 
days.  The  other  group  received  a  similar  course  of  quinine  followed 
by  a  conventional  course  of  chloroquine  administration.  Followup 
blood  smea.  examinations  were  obtained  for  at  least  33  days  after 
initiation  of  therapy. 

PROGRESS:  Sixteen  asymptomatic  subjects  were  administered  the 
tetracycline  regimen.  A  radical  cure  was  obtained  in  twelve  subjects. 
In  the  remaining  four  subjects,  tetracycline  treatment  was  replaced 
by  quinine  because  of  the  development  of  fever,  chills  and  headache 
within  72  hours  of  initiation  of  therapy.  The  mean  parasite  clearance 
time  in  the  twelve  treated  subjects  was  4.6  days  (2-6  days). 

Twenty-nine  of  thirty  (97%)  subjects  who  completed  the  quinine- 
tetracycline  regimen  were  radically  cured.  Only  fifteen  of  thirty- 
six  (42%)  of  those  who  completed  the  quinine-chloroquine  regimen 
were  radically  cured.  The  degree  of  exposure  to  reinfection  among 
the  subjects  within  the  two  groups  was  believed  to  be  comparable. 

In  subjects  who  presented  with  gametoc.ytemia ,  tetracycline  did  not 
exert  a  gametocytocidai  effect. 

SUMMARY:  Tetracycline  was  shown  to  exhibit  antimalariai  activity  in 
both  asymptomatic  and  acutely  i  1  i  subjects  infected  with_P.  falciparum . 
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Pathologic  Studies  in  Cerebral  Malaria 

Principal  Investigator:  Banharn  Laizuthai,  MAJ,  MC,  RTA 

Associate  Investigators:  Pung  Phintuyothin,  MG,  MC,  RTA,  (Ret) 

Edward  J.  Colwell,  LTC,  MC 
Sanong  Kosakal,  M.D. 

OBJECTIVE:  To  examine  the  pathological  manifestations  of  brain 
tissue  from  patients  who  die  of  malaria. 

DESCRIPTION:  Postmortem  examinations  of  tissue  from  subjeots 
who  expired  because  of  cerebral  malaria  were  performed  within  15 
minutes  after  expiration.  Impression  smears  for  Giemsa  staining 
were  accomplished  to  demonstrate  malarial  parasites.  The  tissue 
was  fixed  in  10%  buffered  formalin  for  further  paraffin  tissue 
processing. 

PROGRESS:  The  microscopic  examinations  of  the  first  two  cases 
revealed  similar  pathological  findings  consisting  of  generalized 
brain  edema,  obstruction  of  capillaries  by  infected  red  cells  and 
malaria  pigment.  Numerous  foci  of  petechial  hemorrhage  were 
demonstrated  in  the  cerebral  cortex.  Endothelial  necrosis  of  the 
capillaries  and  thrombosis  were  aiso  frequently  observed.  The 
malarial  parasites  from  impression  smsars  of  brain  tissue  showed 
occasional  schizonts  of  P.  falciparum. 

SUMMARY:  Pathological  involvement  in  cerebral  malaria  is  due  to 
?.  falciparum  infected  red  cells  blocking  the  capillaries  and 
contributing  to  hypoxia  and  necrosis  of  the  capillary  wall.  Intra¬ 
cerebral  hemorrhage  and  thrombosis  are  probable  subsequently 
related  events. 
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Hemolytic -Activity  in  Malaria  Infections 

Principal  Investigator:  VJthuna  Yuthasastr-Kosol,  M.D. 

Associate  Investigators:  Norman  E.  Wilks,  L!G,  MSC 

Peter  K.  Iber,  MAJ,  MFC 

Assistant  Investigator:  Mr.  Thamma  Sakulkaipeara 

QBTECTIVE:  To  investigate  the  hemoiytic  factors  associated  with  human 
malarial  infections  with  particular  emphasis  on  host  complement  activity 
in  chloroquine  resistant  and  non-resistant  malaria  and  immunological 
phenomena  producing  host  cell  iysis » 

DESCRIPTION:  Previous  studies  at  SEATO  Medica.t  Research  Laboratory 
(1968,  69)  using  P.  inui  and  £*  coatneyi  in  monkeys  showed  marked 
d'  crease  in  erythrocyte  survival  time  in  the  course  of  chronic  infections 
with  low  grade  parasitemia  or  even  in  the  absence  of  parasites.  Studies 
also  showed  that  inappropriate  erythrocyte  destruction  was  mediated  by 
some  humoral  factor  associated  with  chronic  infection.  Equally  striking 
is  the  marked  decrease  of  C'  activity  in  the  infected  monkeys  using  the 
spectro photometric  method  for  C'  assay  as  described  by  Hook  and 
Muschel  (1964)  and  Fogel  et  al_at  WRAIR  (1966) . 

PROGRESS:  Preliminary  studies  of  patients  infected  with  either 
£•  falciparum  and  JP.  vivax  indicate  that  there  is  a  pronounced  depletion 
of  C'  activity  in  human  malaria  infections  in  Thailand.  These  data  are  • 
summarized  in  Fig.  1,  which  shows  tire  rise  in  C*  activity  in  four  P. 
falciparum  cases  and  the  decrease  to  zero  activity  in  two  terminal  cases 
in  Fig,  2,  which  shews  the  rapid  increase  in  C*  activity  in  three  cases 
of  £»  vivax  following  chemotherapy;  and  in  Fin.  3,  which  illustrates 
the  distribution  of  C1  activity  levels  in  malarial  patients,  normal  Thai 
subjects,  and  patients  witn  other  diseases.  The  complement  activity 
is  being  measured  in  patients  from  whom  it  will  be  possible  to  obtain 
follow-up  serum  specimens  after  treatment,  to  test  the  hypothesis  that 
£•  falciparum  infections  refractory  to  treatment  will  persist  with  less 
than  normal  C  activity  levels  and  thus  a  prediction  of  recrudescence 
may  be  pos  sible . 

Studies  to  detect  hemoiytic  activity  associated  with  an  immunological 
phenomenon  have  begun,  but  chronic  cases  ci  the  two  endemic  malarial 
parasites  of  humans  have  been  few.  Observations  in  this  area  will 
increase  as  the  transmission  of  malaria  increases  with  the  onset  of  the 

rainy  season. 
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SUMMARY:  Complement  activity  levels  of  malaria  patients  have  been 
found  tc  be  decreased  during  infection,  and  rise  to  normal  levels  rapidly 
after  successful  chemotherapy.  Hemolytic  activity  associated  with  an 
immune  process  continues  under  investigation. 


Immunochemical  Studies  of  Human  Antibodies  in  Endemic  Malaria 

Principal  Investigator:  Peter  K.  Iber,  MAJ,  MSC 

Associate  Investigators:  Norman  E.  Wilks,  LTC,  MSC 

Katchrinnee  Pavanand,  M.D. 

OBJECTIVE;  The  isolation  and  characterization  of  the  human  malaria 
antibody  from  Thais  living  in  a  malaria  endemic  area. 

DESCRIPTION:  Sera  from  persons  living  in  an  endemic  area  are  to  be 
screened  for  high  antibody  titer.  Those  with  high  titer  will  be  requested 
to  donate  blood  for  antibody  isolation  and  a  critical  study  will  be  made 
into  its  mode  of  action  and  protective  properties  with  parasites  from 
other  areas  of  Thailand. 

PROGRESS: 

I.  Separation  technique:  A  separation  process  has  been  developed  for 
plasma  or  serum  using  chromatography  on  DEAE  cellulose  followed  by 
rechromatography  of  CM  cellulose.  By  this  mild  method,  pure  gamma 
globulin  is  recovered.  Although  the  yield  is  relatively  low,  the  purity 

is  very  high  and  has  been  confirmed  by  Immunoelectrophoresis.  Presently 
recovery  studies  are  being  made  to  determine  the  yield  in  mg  gamma 
globulin/ml  of  plasma  or  serum.  Separations  to  date  have  been  made 
or  plasma  supplied  by  Sri  Racha  Red  Cross  Hospital  from  outdated  blood. 

II.  Immune  Sera  Collection:  Kok  Saloong,  a  village  in  Lopburi  Province, 
Thailand  has  been  selected  for  antibody  screening  based  on  the  age  of 
the  village,  low  population  movement,  malaria  history  and  lack  of  easily 
accessible  medical  treatment.  Initial  specimens  from  patients  with  low 
parasitemia  and  history  of  prior  malaria  parasitemias  appear  promising 
from  iinmunoelectropboretic  data. 

SUMMARY:  Separation  techniques  have  been  developed  and  a  collection 
site  selected  for  the  study  of  malaria  antibody. 
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Plasmodium  Falciparum  Infection  Rates  in  Normal  and  Enzyme-Deficient 
Erythrocytes  of  Glucose-6-Phosphate  Dehydroqenase-Def icient 
Heterozygotes 

Principal  Investigator:  Walter  W.  Noli..  MAJ,  MC 

Assistant  Investigators:  Matthew  Lea t: her wooa ,  SEC 

Prachar  Pooyindee 

OBJECTIVE:  P.  falciparum  infection  rates  in  norma]  and  enzyme-deficient 
erythrocytes  of  Thai  women,  heterozygous  for  yiucose-6-phosphate 
dehydrogenase  (G-6-PD)  deficiency,  will  be  determined. 

DESCRIPTION:  Women,  heterozygous  for  G-fc-PD  deficiency  (an  X- chro¬ 
mosome-linked  trait),  are  mosaics:  approximately  half  of  their  red 
blood  cells  are  normal,  the  other  naif  are  G-6-PD  deficient.  The  two 
cell  populations  can  be  distinguished  histochemicaily  by  the  inethemo- 
globin  elution  method  (Gall  et  al.  1965).  This  technique  will  be  applied 
to  blood  from  Thai  women  who  have  malaria  and  are  heterozygous  for 
G-6-PD  deficiency.  Infection  rates  in  both  normal  and  enzyme-deficient 
red  blood  cells  will  be  determined  and  compared.  Hematocrit,  reticulo¬ 
cyte  count,  red  blood  cell  morphology,  hemoglobin  type,  and  G-6-PD 
activity  (spectrophotometric  assay)  will  also  be  determined. 

PROGRESS:  The  study  is  still  in  a  preliminary  stage.  Attention  has 
been  directed  towards  perfecting  the  methemoglobin  elution  technique 
and  adapting  it  to  the  use  of  small  volumes  of  capillary  blood. 

SUMMARY:  Investigation  of  P.  falciparum  infection  rates  in  normal 
and  enzyme-deficient  erythrocytes  of  Thai  women,  heterozygous  for 
G-6-PD  deficiency,  is  in  a  preliminary  stage. 
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Mosquito  Fauna  of  Thailand 

Principal  Investigators  :  Bruce  A,  Harrison,  CPT,  MSC* 

Y.  M,  Huang,  Ph.D.* 

E,  L.  Peyton* 

Ham  pa  Rattanarithikul 
John  E,  Scanlon,  Ph.D.* 
Sunthorn  Sirivanakarn* 

R.  N.  Wilkinson,  CPT,  MSC 

Associate  Investigators  :  Prajim  Boonyakanist 

Kol  Mongkolpanya 
Larp  Panthusiri 


OBJECTIVE  :  To  collect,  identify,  catalogue  and  redescribe 
the  mosquito  species  of  Thailand.  Information  is  also  gathered 
on  the  distribution,  larval  habitats  and  other  aspects  of  the 
bionomics  of  various  species.  The  eventual  goal  is  the 
production  of  monographs  on  the  mosquitoes  ot  the  area, 
together  with  keys,  handbooks  and  other  identification  aids, 
for  use  of  workers  in  public  health  and  associated  fields. 

DESCRIPTION  :  Mosquitoes  are  collected  from  many  areas 
of  Thailand  in  connection  with  various  studies  on  malaria 
and  other  arthropod-borne  diseases.  Additional  collections 
of  a  specialized  nature  are  made  to  obtain  a  correlated 
series  of  larvae,  pupae  and  adults  for  illustration  and  taxonomic 
studies.  The  majority  of  this  material  is  shipped  to  the 
Smithsonian  Institution  for  study  by  specialists  in  the  Southeast 
Asia  Mosquito  Project  @3EAMP), 

PROGRESS  :  During  the  year  765  mosquito  collections  were 
made  in  3  provinces  of  Thailand,  The  majority  of  the 
collections  were  made  in  Chiengmai  province.  These  collections 
resulted  in  5475  pinned  adults,  6553  slide  mounts  of  larvae, 
larval  and  pupal  skins,  55  slide  mounts  of  terminala  and  100 
buccopharyngeal  slide  mounts.  Results  of  the  mosquito 
collections  made  diming  this  period  are  given  in  detail  in  the 
following  sections. 

Southeast  AsiaTMosquito  Project,  Smithsonian  Institution, Washington, 
D.  C. 
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Anopheles  :  Collections  of  Anopheles  nivipes  and  Anopheles 
philippinensis  were  wade  from  Chiengmai  and  Chonburi 
provinces.  Siblings  from  females  tentatively  identified  as 
either  An,  nivipes  or  An.  philippinensis  v/ere  found  to  be 
all  An.  nivipes.  Thus,  it  appears  probable  that  only  An. 
nivipes  occur s  in  Thailand. 

Aedes  :  Taxonomic  studies  on  this  genus  were  concentrated 
during  the  period  on  species  of  the  subgenus  Stegomyia  which 
contains  such  important  vector  species  as  Aedes  aegypti, 

A,  albopictus  and  A.  scutellaris,  The  majority  of  the 
collections  of  Aedes  (Stegomyia)  were  of  larval  stages  -  both 
from  natural  habitats  and  water-filled  bamboo  oviposition 
cups  set  out  at  collection  sites'.  Seven  closely  related 
species  of  Stegomyia  including  A.  annandalei,  A.  craggi, 

A.  desmotes.  A,  pseudalbopictus,  A.  gardnerii  imitator, 

A,  mediopunctatus  and  A.  patriciae  were  collected  and  the 
progeny  reared  in  an  effort  to  clarify  the  taxonomy  of  these 
species.  Laboratory  colonies  of  A,  annandalei,  A.  craggi, 

A.  pseudalbopictus,  A,  gardnerii  imitator,  and  A.  medio¬ 
punctatus  have  been  established, 

Culex  :  During  this  period  study  of  the  subgenus  Culex  was 
continued  as  part  of  a  larger  study  on  Japanese  encephalitis  in 
Chiengmai  province.  Data  on  the  larval  habitats  of  the  10 
species  of  Culex  (Culex)  occurring  in  the  Chiengmai  area 
were  collected.  Culex  annulus,  C,  pseudovishnui  and  C. 
tritaeniorhynchus  were  the  three  most  common  speciesTof  the 
subgroup  collected. 

SUMMARY  :  Taxonomic  studies  on  mosquitoes  belonging  to  the 
genera  Anopheles,  Aedes  and  Culex  in  Thailand  were  emphasized 
during  this  period.  Laboratory  colonies  of  five  species  of 
Stegomyia  from  Thailand  were  established.  Data  on  the  larval 
habitats  of  Culex  species  of  Chiengmai  province  were  collected  in 
connection  with'studies  of  the  ecology  of  Japanese  encephalitis 
in  northern  Thailand, 
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Ecology  of  malaria  vectors 

Principal  Investigators  :  Douglas  J.  Gould,  Ph,D, 

Bruce  A.  Harrison,  CPT,  MSC 
Michael  F,  Sullivan,  CPT,  MSC 
R.  N.  Wilkinson,  CPT,  MSC 

Associate  Investigators  :  Prajim  Boonyakanist 

Larp  Panthusiri 


OBJECTIVE  :  To  investigate  the  bionomics  and  population 
dynamics  of  the  species  of  Anopheles  which  are  vectors  of 
human  malaria  in  Southeast  Asia.  In  addition,  the 
relationship  of  these  species  to  the  dissemination  of 
chloroquine  resistant  strains  of  P0  falciparum  are  under 
stuuy. 


DESCRIPTION  :  Specific  factors  being  studied  in  the  attempt 
to  define  the  actual  and  potential  vector  species  present  in 
Thailand  include  determination  of  host  preferences, 
susceptibility  to  infection  with  malaria,  flight  range,  longevity, 
patterns  of  bating  activity,  ovipositional  habits  and  fac 
influencing  egg  viability  and  survival  under  varying  co:  ns. 

Studies  are  also  being  made  in  an  attempt  to  determine 
1)  chloroquine  resistant  strains  of  P.  falciparum  have  ?  greater 
reproductive  potential  in  anopheline  hosts  than  do  chloroquine 
sensitive  strains,  2)  if  A.  balabacensis  is  more  susceptible 
to  infection  with  chloroquine  resistant  strains  of  P.  falciparum 
than  aro  other  species  and  3)  if  chloroquine  treatment  in  the 
human  enhances  the  reproductive  potential  of  chloroquine 
resistant  strains  of  P,  falciparum  in  the  mosquito  host. 
Colonized  Anopheles  balabacensis  and  Anopheles  minimus 
are  fed  simultaneously  on  patients  circulating  gametocytes 
of  P.  falciparum.  The  resistance  status  of  the  infection  is 
determined  prior  to  treatment  with  chloroquine  by  Reickmann's 
in  vitro  test  and  by  WHO  criteria  on  days  7,  .14, 21  and  28  after 
treatment.  The  mean  number  of  oocysts  developing  in  the  two 
vector  species  are  compared  with  i  (Terence  to  whether  the 
patient  was  infected  with  drug  sensitive  or  resistant  strains 
of  P.  falcijxirum. 


PROGRESS  -  During  this  period  emphasis  was  placed  on  finding 
a  locality  with  a  stable  human  population  and  malaria  parasite 
rates  of  25%  or  higher  which  was  accessible  during  all  seasons 
of  the  year.  During  November  and  December  1970  a  total  of  97 
thick-thin  blood  films  were  taken  from  Inhabitants  on  the 
island  of  Koh  Chang  in  Trat  province;  eighteen  (20. 6%)  were 
positive  for  P.  falciparum.  This  area  was  not  considered 
feasible  for  field  studies  because  it  is  inaccessible  during 
part  of  the  year.  In  January  1971,  one  hundred  and  forty 
six  blood  films  were  obtained  from  school  children  at  two 
schools  in  Amphur  Chaibadan,  Chaiyaphum  province;  nine 
(6.1%)  of  the  films  were  positive  for  P.  falciparum.  In 
addition,  two  of  15  (14%)  films  from  villagers  located  near  the 
schools  were  positive  for  P.  falciparum.  On  the  assumption 
that  malaria  rates  would  rise  during  the  transmission  season 
(June  -  October)  and  because  of  their  easy  accessibility,  these 
areas  were  considered  as  possible  sites  for  long  term  field 
studies.  The  village  of  Ban  Bu  Fnram  in  Prajinburi  province, 
which  has  been  highly  malarious  in  previous  years,  was  visited 
during  March  1971.  Seventy-six  of  211(36%)  blood  films  from 
this  site  were  positive  for  either  P.  falciparum  or  P.  vivax. 

The  rates  for  P.  falciparum  and  P.  vivax  were  25. 6%  and 
10.4%,  respectively.  Infected  An.  balabacensis  liave  been 
collected  in  this  area.  The  area  has  a  stable  human  population 
of  more  than  1000  persons  and  is  easily  accessible  throughout 
the  year.  Consequently,  major  longitudinal  human  and 
vector  studies  are  planned  for  die  coming  transmission  season. 

During  January  an  effort  was  made  to  recover  liable 
eggs  of  An.  balabacensis  from  soil  samples  collected  at  suspected 
oviposition  sites  in  areas  of  Nakorn  Rajasima  and  Prajinburi 
provinces  where  adult  An.  balabacensis  had  previously  been 
captured*  At  the  time  of  collection  there  had  been  no 
precipitation  for  over  two  months  and  conditions  were 
extremely  dry.  Adults  of  An.  balabacensis,  An.  kcchi, 
and  a  member  of  An.  hyrcanus  complex  as  well  as  adults 
of  three  species  ofXedes  were  re3wed  from  larvae  which 
emerged  when  39  of  these  soil  samples  were  flooded.  In 
the  SMRL  laboratory  eggs  of  An.  balabacensis  have  been  found 
viable  for  up  to  18  days  when  kept  on  moist  filler  paper. 
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Colonized  An,  balabacensis  were  fed  on  patients  with 
falciparum  malaria  to  study  growth  rates  of  chloroquine 
susceptible  and  resistant  strains  of  P.  falciparum  in  this 
vector  species* 

SUMMARY  :  Sites  in  Trat,  Lopburi,  Prajinburi  and  Nakorn 
Rajasima  provinces  were  surveyed  for  feasibility  for  a  long¬ 
term  study  of  vector  ecology  and  malaria  epidemiology. 

Viable  eggs  of  three  species  of  Anopheles  and  three  species 
of  Aedes  were  found  in  samples  of  soil  taken  from  dry  stream 
beds  in  Nakorn  Rajasima  and  Prajinburi  provinces.  Studies 
on  the  growth  rate  of  chioroquine  susceptible  and  resistant 
strains  of  P.  falciparum  in  An.  balabacensis  were  initiated. 
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23  (U)  To  manage,  to  integrate,  and  provide  quality  control  for  the  Drug  Research 
Program  on  Malaria,  both  in-houoe  and  by  contract. 

2<>  (0)  To  define  areas  requiring  investigation,  to  develop  suitable  contract  proposals 
to  follow  progress  by  correspondence  or  r.ite  visits,  to  guide  direction  of  investiga¬ 
tion,  to  provide  for  exchange  of  information,  and  to  continually  check  findings  for 
verification  through  independent  agencies  (both  in-housc  and  contract).  Two  outside 
advisory  groups  are  utilized. 

26  (U)  70  07  -  71  06  Close  supervision,  through  guidance  and  integrated  evaluation  of 
productivity,  was  continued  for  forty-seven  contracts  in  the  areas  of  chemical  syn¬ 
thesis,  drug  preparation  and  data  handling  and  for  twenty  biological  contracts  con¬ 
cerned  with  the  preciinical  aspects  of  antimalariai  efficacy  and  drug  safety. 

Three  new  Investigational  Hew  Drug  (IND)  applications  and  eight  INi)  supplements  were 
submitted  and  approved,  with  preciinical  work  continuing  on  four  additional  IND 
basic  documents.  Six  meeting's  of  advisory  groups  were  organized  and  conducted  to 
examine  specific  facets  of  antimalariai  drug  development  and  utilization.  In-depth 
metabolism  and  safety  studies  were  instigated  following  clinical  feed-back  on  five 
drugs  under  active  study  in  man.  Tor  technical  reports  see  Walter  Reed  Army  Institute 
-•if  Pesearch  Annual  Progress  Report,  Jul  70  -  30  Jun  71. 
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General 

The  malaria  program  is  a  medicinal  chemistry  research  effort  encompass¬ 
ing  the  fields  of  synthetic  organic  chemistry,  biology  and  pharmacology.  The 
program  involves  the  ability  to  coordinate  and  direct  efforts  in  each  of  these 
fields  in  a  manner  that  allows  a  constant  feedback  of  data  from  individual 
investigators,  with  necessary  program  redirection,  and  culminates  in  the 
synthesis  and  biological  evaluation  of  new  antimalarial  drugs  for  troop  issue. 
These  objectives  are  approached  through  the  combined  efforts  of  a  team  of 
research  managers  with  the  necessary  expertise,  in-house  laboratory  sup¬ 
port,  and  extramural  consultations. 

The  Contract  Chemical  Synthesis  Program 

During  FY-71  there  was  a  maximum  of  43  active  contracts.  In  this  period 
19  contracts  expired  and  11  new  contracts  were  let.  These  contracts  were 
with  academic  institutions.,  research  houses  and  industry.  Table  I  shows 
the  distribution  of  contracts  among  these  organizations.  On  1  July  J971, 
there  will  be  35  active  contracts,  of  which  14  will  be  with  academic  institu  - 
tions,  12  with  research  houses  and  9  with  industry. 
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TABLE  I 


Number  of  Synthesis  Research  Contracts 


Organization  In  FY-71  Expired  in  FY  -71  New  in  FY-71  1  July  1971 


Academic 

20 

10 

4 

14 

Research 

12 

4 

4 

12 

Industry 

11 

5 

3 

9 

Total 

43 

19 

11 

35 

In  addition,  there  are  four  contracts  with  preparations  facilities  to  synthesize 
large  quantities  of  selected  compounds,  one  contract  to  synthesize  radioactive 
tagged  compounds  for  metabolite  studies,  one  contract  to  analyze  compounds 
and  compositions  to  be  used  for  preclinical  and  clinical  studies,  and  one  con¬ 
tract  to  study  photochemical  cyclizations  of  styryl  compounds. 

During  FY  -71  there  was  a  total  of  approximately  1400  compounds  submitted 
by  the  contractors;  560  of  them  were  target  compounds.  As  of  the  end  of 
FY-71  the  average  cost  per  target  compound  is  approximately  $2500.  During 
the  year  the  number  of  target  compounds  requested  from  die  preparations 
laboratories  was  7,  4  and  5  in  small,  medium  and  large  quantities,  respec¬ 
tively.  Compounds  received  numbered  14,  13  and  3  in  these  respective  quan¬ 
tities,  some  of  them  carried  over  from  FY-7Q.  Chemical  publications  and 
manuscripts  submitted  numbered  45. 

'Die  greatest  effort  in  die  synthesis  contracts  was  directed  to  the  synthesis  of 
aminoalcohols.  As  a  percentage  of  obligated  funds,  54%  was  in  this  area. 
Actively  pursued  synthesis  areas  can  be  broken  down  as  shown  in  Tahle  II. 

TABLE  II 


Area  Percent  of  Obligated  Funds 

Phenanthrene  Aminoalcohols  34 

Anthracene  Aminoalcohols  8 

Naphthalene  Aminoalcohols  4 

Fluorene  Aminoalcohols  2 

Pyridine  Aminoalcohols  2 

Other  Aminoalcohols  4 

Total  54“ 
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Amino  Quinolines  7 

Amino  Pyrimidines  7 

Amino  Quinazolines  7 

Quinones  4 

TLiacyano-subs.  Aromatics  3 

Miscellaneous:  18 

RC-12  Analogs 


Phosphoric  Acids  Type 
Amino  Acids  Type 
Phenanthrols 
Solubilizing  Compounds 
Benzothiopyran3 
Oxazines 

The  main  thrust  of  the  synthesis  program  was  with  the  aminoalcohols  and 
antifols  (anti metabolites).  The  synthetic  work  in  the  phenanthrene  amino¬ 
alcohols  is  now  being  deemphasized  because  the  objectives  in  this  area  have 
been  largely  met.  At  the  same  time  more  attention  is  being  given  to  the 
synthesis  of  potentially  prophylactic  antimalarials  and  antimetabolites;  in 
particular,  the  amiroquinazolines.  Research  work  for  finding  new  methods 
for  synthesizing  phenanthrene  s  has  been  curtailed;  the  photochemical  ap¬ 
proach  will  be  terminated  by  the  end  of  this  year. 

Patents 

During  the  year  data  were  assembled  in  the  Division  and  forwarded  to  the 
Command  to  support  patentability  searches  on  10  classes  of  compounds  and 
2  process  improvements.  In  addition,  based  upon  data  assembled  at  WRAIR 
a  patent  has  been  applied  for  on  the  pyridyl  carWnolamines  by  one  con¬ 
tractor.  A  patent  has  been  issued,  U.  &  3, 574, 833,  on  the  trimethoprim - 
sulfalene  combination.  In  compliance  with  a  directive  from  the  Command 
the  compilation  of  data  and  requests  for  patentability  searches  will  be 
sharply  curtailed;  only  compounds  considered  to  be  of  utmost  importance 
will  be  brought  to  the  attention  of  the  Command  for  possible  patent  action. 

Acquisition  of  Chemicals 

During  the  report  period,  approximately  12,000  samples  were  received. 
There  were  no  very  large  industrial  submissions  (last  year  one  source  fur¬ 
nished  over  9,000  samples)  but  commercially  discreet  submissions  still 


1091 


constitute  somewhat  over  half  of  the  total.  About  1400  samples  were  from 
the  synthesis  program  and  the  rest  were  gifts  and  purchased  samples.  A 
contract  to  pick  up  samples  expired  in  November  1970;  about  85%  of  the 
15,000  samples  picked  up  during  the  last  16  months  of  that  contract  were 
arranged  for  by  WRAIR  personnel.  About  2100  were  picked  up  during  the 
current  reporting  period.  Since  the  expiration  of  die  contract,  WRAIR  per¬ 
sonnel  have  picked  up  2800  samples. 

An  active  canvass  of  recently  published  compounds  has  proven  to  be  a  fer  - 
tile  source  of  novel  structures. 

Biology 

All  compounds  received  during  diis  period  were  screened  in  mice  against 
Plasmodium  berghei.  In  addition,  an  inert  ased  effort  in  the  chick -Plas  - 
modi  urn  gallinaceum  system  permitted  the  screening  of  a  large  number  of 
compounds  in  an  attempt  to  detect  antimalarial  activity  which  may  have 
been  missed  in  the  P.  berghei  screen.  Compounds  found  to  be  active  in  the 
primary  screens  underwent  secondary  evaluation  for  efficacy  by  oral  ad¬ 
ministration  and  against  drug  resistant  parasites  and  pre -erythrocytic 
forms. 

Progress 

a.  Primary  Screens 

1.  The  P.  berghei -mouse  system  and  the  P.  gallinaceum  -chick  system 
at  the  University  of  Miami  with  Dr.  Leo  Rane  as  principal  investigator  con¬ 
tinued  to  be  the  basic  screens.  16,379  drugs  were  evaluated  against  P.  ber¬ 
ghei.  Of  these,  988  were  active.  There  were  282  active  compounds  found 
in  the  36,665  test  'd  against  P,  gallinaceum.  Development  of  a  sporozoite 
induced  P.  gallinaceum  -chick  system  was  begun  at  the  University  of  Miami. 
The  reliability  of  us  system  is  currently  being  evaluated,  but  it  is  not  yet 
in  routine  operat  ru  This  system  is  expected  to  operate  as  a  basic  screen 
with  a  th rough pu  f  50  compounds  per  veek. 

2.  The  svstei.  ased  on  inhibition  ot  spoiozoite  formation  in  the  salivary 
glands  of  mosquitoes  maintained  at  the  National  Naval  Medical  Center  by  Dr. 
Terziau  was  discontinued  during  the  report  period.  Ten  compounds  were 
examined  prior  to  termination  of  that  contract. 


1.  The  antimalarial  drug  testing  performed  at  the  Illinois  Institute  of 
Technology  Research  Institute  employs  sporozoite  induced  P.  berghei  in 
mice.  Throughput  was  increased  in  this  prophylactic  system  by  utilizing 
the  tissue  differentiation  test  only  on  active  compounds.  IJTRI  also  func¬ 
tions  as  a  repository  for  various  strains  of  malaria  and  provides  these  par 
asites  to  other  investigators  when  requested.  The  work  conducted  during 
the  reporting  period  is  summarized  below: 


Test 


Total  Tested  Compounds 


Active 


Prophylactic  &  Suppressive 

18 

7 

Suppressive 

5 

0 

Prophylactic 

146 

29 

Tissue  differentiation 

33 

24 

2.  Selected  drugs  were  submitted  to  the  University  of  Cincinnati,  Dr. 
C  G  Smith,  Principal  Investigator,  for  determination  of  folic  acid  inhib¬ 
ition  activity.  The  screening  performed  in  this  test  system  during  fiscal 
1971  is  summarized  below: 

Total  Assays  662 

Total  Compounds  181 

Number  of  compounds  with  reversed  inhibition 
upon  addition  of  folic  or  folinic  acids  119 

Total  number  of  assays  conducted  against  drug 
resistant  lines  153 


Total  number  of  compounds  tested  against  drug 
resistant  lines  22 


Number  of  compounds  showing  cross  resistance  19 

The  sensitivities  of  individual  ceils  of  Streptococcus  faeclum  sensitive  and 
chlorguanide  triazine -resietant  cultures  to  chlorguanide  triazine  was  deter 
mined  by  plating  aliquots  of  cultures  on  series  of  agar  plates  containing 
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various  concentrations  of  drug.  This  was  done  to  determine  whether  the 
cultures  are  homogeneous  and  whether  any  highly  resistant  cells  are  present 
in  the  parent  culture  before  exposure  to  the  drug.  A  report  of  these  results 
is  being  prepared. 

3.  The  major  portion  of  the  testing  of  compounds  against  drug  resistant 
P.  berghei  was  done  at  the  University  of  Georgia  under  the  direction  of  Dr, 
Paul  Thompson.  Drugs  were  administered  orally,  providing  an  estimate  of 
the  efficacy  of  the  drug  given  orally.  The  following  is  a  summary  of  work 
conducted  during  this  report  period; 


#  Drugs 

Sensitive  Strain 

132 

Triazine  Resistant  Strain 

39 

DDS  Resistant  Strain 

36 

Chloroquine  Resistant  Strain 

84 

Two  studies  were  performed  using  combinations  of  drugs.  Two  rate  and 
duration  of  action  studies  and  one  study  of  the  effect  of  PABA  on  activity  were 
also  conducted. 

4.  Twenty -one  compounds  were  evaluated  against  drug  resistant  P.  ber¬ 
ghei  by  Dr.  Peters  at  the  Liverpool  School  of  Tropical  Medicine.  Studies 
were  also  conducted  on  potentiation  of  drugs  used  in  combination  and  modes 
of  action. 

5.  Thirteen  compounds  were  evaluated  by  Dr.  Harry  Most,  New  York 
University  School  of  Medicine,  for  activity  as  causal  prophylactics.  Studies 
were  also  conducted  on  transfer  of  drur,  resistance. 

6.  The  tissue  culture  systems  operated  by  Dr.  Beaudoin  at  the  National 
Naval  Medical  Cent  r  were  used  tc  screen  45  drugs  for  activity  against  ex- 
oerythrocytic  torn  of  P.  fallax.  In  addition,  studies  were  conducted  on  site 
and  mode  of  actio.  known  anti  malarial  drugs. 

Conclusions 


All  compounds  received  are  being  screened  promptly.  Secondary  screening 
for  oral  efficacy  and  efficacy  against  drug  resistant  strains  is  thorough  and 
efficient.  Testing  against  preerythrocytic  forms  is  being  conducted  on  a  very 
limited  scale. 
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Pharmacology  and  Clinical  Program 

During  the  past  year  the  Pharmacology  Department  supervised  the  contracts 
responsible  for  the  preclinical  and  clinical  studies  of  antimalarial  com¬ 
pounds  scheduled  for  clinical  trial.  Seven  contracts  included  studies  on 
the  metabolism  of  these  agents  as  well  as  their  toxicity,  pharmacodynamics 
and  formulation. 

During  the  past  year  the  Department  prepared  three  "Notice  of  Claimed  In¬ 
vestigation  Exemptions  for  a  New  Drug"  as  well  as  eight  supplements.  De  - 
tails  on  each  of  these  drugs  are  reported  in  their  respective  claims. 

Phase  I  studies  were  completed  for  WR  6798,  30090,  33063,  38839  and  61112 
as  well  as  combination  studies  on  WR  6798  with  WR  1544  and  WR  6798  with 
WR  1544  and  WR  2975.  A  comprehensive  study  was  performed  on  volunteers 
receiving  a  three -day  course  of  WR  5949  and  WR  4629. 

Phase  II  chemoprophylactic  studies  were  completed  on  WR  30090,  30063  and 
38839.  Combination  studies  were  finalized  on  WR  6798  given  with  either 
WR  1544,  or  WR  1544  with  WR  2975,  or  with  2978. 

Phase  II  efficacy  studies  were  completed  on  WR  30090,  33063,  38839  and 
61112.  Combination  studies  were  conducted  involving  WR  38839  with  sulfa¬ 
diazine,  WR  2977  with  WR  6527  and  WR  5949  with  WR  4629.  Significant  re  - 
suits  were  also  obtained  with  WR  2976  and  WR  4629. 

A  fie1  1  trial  was  conducted  in  Vietnam  using  WR  30090  in  one  group  of  pa¬ 
tients  and  WR  33063  in  another. 

Summary  and  Conclusions 

The  use  of  third  phase  test  systems  -  human  plasmodia  in  the  Chicago  in 
vi.ro  test  and  in  the  Aotus  monkey  -  has  permitted  the  selection  of  appro¬ 
priate  chemical  development  of  new  structure  leads  which  do  not  show  cross 
resistance  against  human  strains  of  interest.  These  candidate  antimalarials 
are  undergoing  active  preclinical  evaluation.  The  malaria  program  contin¬ 
ues  in  a  balanced  fashion.  Budget  restrictions  have  reduced  the  effort 
slightly  but  promising  drugs  have  been  tried  in  the  field  and  more  potent 
analogs  are  under  development. 
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23.  (0)  To  design  and  develop  in  v; tro  and  £n  vivo  test  systems  for  evaluation  of 
chemical  compounds,  and  to  make  mix)  if  ic  at  ions  when  necessary. 

24.  (U)  Appropriate  in  vitro  and  animal  pilot  models  are  designed  to  meet  a  specific 
need  for  testing  chemical  compounds.  These  models  are  expanded  into  operating  test 
systems  in-house  and  utilized  to  provide  guidance  to  contractors  when  testing  is  to  be 
done  under  contract.  When  necessary,  modifications  to  existing  test  systems  are- 
designed  and  developed. 

25.  (I!)  70  07  -  71  06.  Design  of  a  system  to  screen  potential  ant  imalari  al  s  available 
in  small  quae  ities  w-  begun.  The  feasibility  of  utilizing  chick  embryos  infected 
with  PI  asmod  ium  galli'  iceum  is  presently  being  evaluated.  Design  of  an  in  vit  ro 
screen  to  detect  drug.-  of  potential  use  against  oral  microorganisms  has  been  completed 
and  is  being  evaluated.  Design  of  an  animal  model  for  further  evaluation  of  active 
drugs  is  in  the  preliminary  stages.  For  technical  reports  see  Walter  Reed  Army 
Institute  of  Research  Annual  Progress  Report,  1  Jul  70  -  30  Jun  71. 
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Project  3A663713D829 

Task  00,  Malaria  Investigations 

Work  Unit,  122  Test  Systems  Design  and  Development 

Investigators: 

Principal:  LTC  Edgar  H.  Eckermann,  VC 

Associates:  LTC  David  E.  Davidson,  VC;  2LT  Rolla  R.  Rich,  MSC; 
2LT  James  H.  Smith,  MSC 


Description 

This  investigation  is  designed  to  develop  and  improve  test  systems  for 
evaluation  of  antimalarial  drugs  both  in-house  and  under  contract. 

Progress 

1.  Development  of  a  test  system  to  screen  antimalarial  compounds  in 
embryonated  eggs  infected  with  Plasmodium  gallinaceum  is  in  progress. 
Implementation  of  an  experimental  design  has  begun  and  preliminary  re¬ 
sults  indicate  that  the  design  is  feasible.  The  formation  of  exo- 
erythrocytic  forms  of  the  plasmodia  in  the  embryonic  tissues  raises 
the  possibility  that  the  system  might  be  adapted  to  testing  for  causal 
prophylactic  activity.  This  aspect  is  being  investigated.  Such  a 
system  would  provide  a  very  economical  method  of  screening  small 
amounts  of  compounds  for  activity  against  exoerythrocytic  as  well  as 
erythrocytic  forms. 

2.  Microorganisms  which  produce  periodontal  disease  in  man  can  be 
grown  in  hamsters  in  which  they  produce  similar  periodontal  disease*. 

This  has  made  it  possible  to  establish  an  animal  model  to  test  drugs 
for  effectiveness  against  periodontal  disease.  The  inventory  of  drugs 
built  up  for  the  antimalarial  drug  program  provides  a  variety  of  com¬ 
pounds  of  potential  interest.  Tn  order  to  screen  a  greater  number  of 
drugs,  a  preliminary  in  vitro  screen  was  established  using  drug  satu¬ 
rated  discs  on  nutrient  agar  inoculated  with  microorganisms  known  to 
be  involved  in  periodontal  disease.  Drugs  which  inhibit  growth  are 
selected  for  testing  in  the  in  vivo  system.  The  in  vivo  system  is 
patterned  on  the  system  described  by  Keyes^  in  which  hamsters  are 
placed  on  a  high  carbohydrate  diet  and  the  oral  cavity  inoculated  with 
the  appropriate  microorganism.  Once  the  infection  is  established, 
drug  treatment  is  begun.  Drug  activity  is  determined  by  comparing  the 
drug  treatment  groups  with  untreated  controls.  All  drugs  for  which 
IND's  have  been  prepared  have  been  screened  in  the  in  vitro  system. 

Those  which  appeared  to  be  most  active  are  now  being  tested  in  the  in 
vivo  system. 

3.  Assistance  was  furnished  antimalarial  drug  contractors  in  establish¬ 
ing  a  sporozoite  induced  chick  test  and  a  test  to  compare  efficacy  of  drugs 
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by  various  routes,  regimens,  and  vehicles.  Assistance  was  also  pro¬ 
vided  a  contractor  to  modify  a  sporozoite-mouse  test. 
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Project  3A663713D829 

Task  00,  Malaria  Investigations 

Work  Unit  122,  Test  Systems  Design  and  Development 
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23.  (u)  Development  of  new  anopheline  control  procedures  through  a  knowledge  of  vector 
biology  and  ecology. 

24.  (u)  Establishment  of  laboratory  colonies  of  anophelineu  from  areas  of  strategic 
importance,  Evaluation  of  rearing  procedures  through  alteration  of  environmental 
factors.  Study  of  mosquito  pathogens  on  mosquito  behavior,  especially  as  related  to 
disease  transmission. 

25.  (U)  70  07  -  71  06.  Ail  mosquito  colonies  are  being  maintained  by  macs  rearing 
procedure  except  species  requiring  forced  insemination.  Density  at  which  anopheline 
larvae  are  reared  has  been  shown  to  have  an  effect  upon  the  development  of  malarial 
parasites  in  the  adult  mosquito;  mosquitoes  reared  at  low  densities  show  significantly 
greater  malarial  oocyst  development  than  those  reared  at  high  densities.  Anopheles 
Stephens!  can  be  readily  infected  with  a  protozoan  parasite,  Noserna.  At  low  concen¬ 
trations  (10® spores /ml)  the  parasite  affects  ovarian  development  and  at  higher  levels 
(l06/mL)  95$  +  mortality  occurs.  Interactions  between  Noserna  growth  and  malarial 
oocyst  development  In  the  host  are  under  study.  For  technical  reports  see  Walter  Reed 
Army  Institute  of  Research  Annual  Progress  Report,  1  Jul  70  -  30  Jun  71. 
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Project  3A663713D829,  MALARIA  PROPKYLAXIS 
Task  00,  Malaria  Investigations 

Work  Unit  123 >  Biological  studies  on  anopheline  vectors  of  malaria 
Investigators 

Principal:  Ronald  A.  Ward,  Ph.D. 

Associate:  LTC  Bruce  F.  Eldridge;  MAJ  Bernard  A.  Schiefer,  MSC; 

CPT  Edwai-d  A.  Bergman,  MSC;  SP5  William  K.  Palmer; 

David  E.  Kayes,  Talmadge  J.  Neal,  B.S.;  Kenneth  Savage,  M.S.* 


Description 

Biological  studies  of  anopheline  mosquitoes  are  performed,  using 
material  maintained  in  the  insectary  at  this  Institute.  Studies  include 
evaluation  of  rearing  techniques  and  their  effect  on  research  results, 
development  of  rearing  techniques,  the  effects  of  biological  agents  on 
anopheline  mosquitoes  and  studies  on  anopheline  behavior. 

Progress 


1.  Laboratory  rearing  of  mosquitoes 

A  mass  rearing  procedure  has  been  developed  for  anopheline  mosqui¬ 
toes  which  produces  a  very  uniform  mosquito  and  results  in  a  considerable 
saving  of  manpower. 

The  major  details  of  the  procedure  are  as  follows:  mosquitoes  in 
the  stock  cage  are  provided  with  a  blood  meal  from  a  rabbit  on  Monday 
morning.  Oviposition  pans  are  placed  in  the  cage  Tuesday  afternoon  and 
left  overnight.  Eggs  are  collected  Wednesday  morning  and  dead  adults 
are  separated  from  the  eggs  with  a  strainer.  Eggs  are  concentrated  on 
bolting  cloth  and  rinsed  5  times  with  distilled  water  to  prevent  spread 
of  Nosema.  Concentrated  eggs  are  placed  in  a  small  pan  containing  dis¬ 
tilled  water;  the  non-viable  eggs  sink  and  remaining  eggs  are  transferred 
to  a  1  ml  volumetric  pipette  fitted  with  a  fine  screened  stopper.  Large 
stainless  steel  trays  containing  aged  tap  water  are  each  inoculated  with 
0.15  ml  of  concentrated  eggs  from  the  pipette  (approximately  12,000  eggs). 
After  the  eggs  hatch  (31  -  40  hrs)  the  larvae  are  fed  approximately  0.2 
gm  of  a  mixture  of  D&G  dog  food  (ground  and  sieved  through  a  40  mesh 
screen)  and  liver  powder  (70$  dog  food  and  30$  liver  pcwder  by  volume). 

Two  days  later,  late  in  the  2nd  larval  stage,  the  larvae  are  refed  larger 
amounts  of  food.  To  prevent  excessive  bacterial  growth  in  the  pans,  pans 
are  only  fed  when  virtually  all  food  is  consumed.  After  the  first  feeding 
each  pan  is  inoculated  with  500  ml  of  a  hay  infusion  solution  as  a  supple¬ 
mentary  source  of  food.  Pupation  usually  occurs  7  days  after  eggs  are  in¬ 
troduced;  at  this  time  the  smaller  larvae  are  separated  from  the  pupae 
and  larger  larvae  by  draining  the  pans  through  an  open  chamber  fitted  with 
a  wire  screen  (25  mesh  size).  Water  containing  the  small  larvae  is  returned 
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to  the  original  pan  and  pupae  are  separated  from  mature  larvae  with  a 
pupal  separator  employing  a  0,032  inch  grid.  The  larvae  are  reintroduced 
into  pans  for  further  development  and  pupae  are  further  separated  with 
the  use  of  calibrated  grits.  The  largest  size  class,  retained  by  0.048  - 
0.046"grids  consists  mainly  of  females,  with  some  males  during  the  first 
2  days  of  pupation,  these  are  kept  primarily  for  breeding  stock.  The 
most  numerous  individuals,  largely  females,  are  separated  by  0.044  -  0.042" 
grids  and.  are  used  for  experimental  malaria  studies.  These  are  counted 
volumetrieally  (about  250  -  275  pupae/ml)  and  placed  in  pint  cartons 
covered  with  mosquito  netting  (250/  carton).  After  the  adults  have  emerged, 
the  water  is  poured  cut  of  the  cartons  through  the  netting  and  mosquitoes 
are  fed  10 ^  sucrose  solution  on  cotton  pledgets  placed  on  the  tops  of  the 
carbons.  The  same  containers  are  used  for  feeding  mosquitoes  on  an  in¬ 
fected  host  and  for  holding  the  females  for  sporogonic  development  of 
malaria.  The  smallest  size  group,  retained  by  grids  less  than  0.042",  are 
kept  in  reserve  and  are  poolBd  in  2  ft3  cages.  These  are  mostly  males 
and  some  are  added  to  stock  cages  if  necessary.  Larval  and  pupal  separa¬ 
tions  are  terminated  after  a  3-day  period  and  remaining  larvae  in  the  pans 
are  discarded. 


2.  Effect  of  rearing  technique  upon  malaria  susceptibility 

Previous  investigations  with  Aedes  aegypti  and  Plasmodium  gallinaceum 
indicated  that  a  major  component  in  the  susceptibility  of  this  species  to 
malaria  infection  was  genetic  and  that  certain  environmental  factors  such 
as  larval  density  had  no  effect  upon  the  level  of  malarial  infection  in 
the  host  (Ward,  1963).  In  conducting  studies  with  a  simian  model  of 
malaria  (P.  cynomolgi)  and  Anopheles  stephensi  it  was  consistently  ob¬ 
served  that  much  of  the  variation  in  the  susceptibility  of  this  species 
was  related  to  non-genetic  factors  (Rutledge,  Hayes  and  Ward,  1970). 


In  order  to  determine  whether  certain  aspects  of  the  rearing  pro¬ 
cedure  affected  malarial  parasite  development,  larvae  were  reared  in 
9"  x  12"  pans  containing  1500  cc  water  at  3  densities;  150,  300  and  600 
larvae  per  pan.  When  4-5  days  old,  adult  females  were  fed  upon  a 
rhesus  monkey  infected  with  P.  cynomolgi ,  incubated  for  a  week  at  27°C 
and  dissected  for  malarial  oocysts  (20  per  density  were  dissected).  The 
results  indicated  (Table  l)  that  larvae  reared  at  low  densities  had  sig¬ 
nificantly  more  oocysts  developing  on  their  midgut  than  larvae  maintained 
under  crowded  conditions  (£  values  for  "t"  test  between  various  pairs 
tested  ranged  between  0.001  and  0,025).  The  density  factor  appears 
related  to  the  general  size  of  the  adult  mosquito  and  relative  area  of 
midgut  tissue  available  for  oocyst  development. 

3.  Effect  Qf  Ha&saa.  infection  on  malaria  vectors  and  transmission 
of  malaria 


The  collaborative  investigations  with  the  U.S.  Department  of  Agri¬ 
culture  Insects  Affecting  Man  and  Animals  Laboratory  are  being  continued. 
Spore  ?unoent rates  of  Nosetaa  (a  microsporidian  parasite  of  mosquitoes) 


* 
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are  produced  at  the  U.S.D.A.  laboratory  and  standardized  spore  dilutions 
are  studied  at  WRAIR  in  respect  to  their  effect  upon  anopheline  vectors 
and  their  concurrent  malarial  infections . 

Previous  laboratory  studies  at  Gainesville  indicated  that  Nosema 
was  highly  pathogenic  to  Anopheles  quadrinaculatus  and  A.  albimanus , 
both  New  World  malaria  vectors,  and  that  small  lab  colonies  could  be 
eliminated  by  this  pathogen.  Various  dilutions  of  a  Nosema  spore  suspen¬ 
sion  were  added  to  pan  containing  first  stage  Anopheles  Stephens!  larvae. 
There  was  a  proportional  increase  in  larval  mortality  as  the  dosage  was 
increased  (Table  2)  and  at  a  concentration  of  7  x  104  spores/ml,  36$  o 
the  larvae  died  with  an  infection  rate  of  91$ •  The  -'ow  adults  that 
emerged  from  this  treatment  died  2-3  days  after  eclosion. 

The  effects  of  nosematosis  upon  the  development  of  P.  cynomolgi 
oocysts  is  shown  in  Table  3-  First  stage  larvae  were  exposed  to  spore 
suspensions  as  previously,  but  higher  concentrations  were  not  used  due 
to  the  greater  adult  moitality  at  these  levels.  The  5*6  x  10a  spore 
treatment  produced  a  significantly  lower  level  of  oocyst  development 
than  the  5.3  x  103  treatment  or  either  control.  It  was  expected  that 
the  higher  concentration  would  produce  a  more  marked  effect  to  the  spore 
exposure.  Examination  of  individual  mosquitoes  disclosed  a  Nosema  in¬ 
fection  rate  of  92$  in  the  5*6  x  103  level  and  an  infection  rate  of  only 
50$  at  the  higher  treatment  level.  Apparently,  the  spore  suspension  was 
not  uniformly  distributed  throughout  the  larval  pans  at  the  high  concen¬ 
tration  and  thus  produced  a  differential  mosquito  infection  with  the 
parasite.  Mosquitoes  from  the  5*6  x  103  treatment  were  scored  in  respect 
to  the  degree  of  visible  Nosema  infection.  Four  levels  were  considered; 
no  infection  visible,  moderate  (l  -  100  spores/microscope  field),  heavy 
(100  -  1000)  and  very  heavy  (100CH-)*  The  mean  number  of  malarial  oocysts 
+  S.E.  for  each  group  was  calculated  (Table  4)  and  the  results  plotted 
on  Figure  ]..  There  was  a  clear  relation  between  the  level  of  microspori- 
dian  infection  and  malarial  oocyst  development  in  the  mosquito.  Concur¬ 
rent  with  the  reduction  in  mean  oocyst  number  there  was  a  visible  effect 
of  the  Nosema  parasite  upon  ovarian  development  in  the  female.  In  both 
control  groups,  the  ovaries  of  all  females  apjieared  normal.  At  the 
5*6  x  10“  dosage  level,  all  ovaries,  with  two  exceptions  (2/13  examined) 
had  an  amorphous  structure  with  internal  morphology  absent.  The  two 
which  had  a  semblance  of  normality  showed  some  tissue  dissolution  in  the 
nurse  cells.  Females  from  the  5*6  x  103  treatment  group  showed  13/30 
with  normal  ovarian  development.  The  remaining  spr-umens  showed  slight 
to  extreme  interference  with  development. 

Conclusions  and  recommendations 


1.  A  semi -automated  procedure  for  mass  rearing  Anopheles  stephensi 
mosquitoes  has  been  developed.  Considerable  mahpower  is  conserved  and 
variability  of  adult  mosquito  siz<-  '  r.  reduced.  Further  analysis  of  the 
nutritional  requirements  of  mosq  ,.j  larvae  reared  in  large  pans  are 
required  and  comparisons  betweo  aosquitoes  maintained  under  a  variety 
of  environmental  conditions  re:  in  to  be  made. 
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2.  The  density  at  which  anopheline  larvae  are  reared  has  been  shown 
to  influence  the  development  of  malarial  parasites  in  the  mosquito  host. 
Mosquitoes  reared  at  lew  densities  show  significantly  higher  malarial 
oocyst  numbers  than  those  reared  at  high  densities.  The  role  of  other  en¬ 
vironmental  factors  in  the  susceptibility  of  anophelines  to  malaria  in¬ 
fection  require  further  analysis. 

3.  Anopheles  Stephens!  can  be  readily  infected  with  a  microsporidian 
parasite,  Nosema.  At  low  densities  (10®  spores/ml),  the  parasite  affects 
ovarian  development  and  interferes  with  the  development  cf  malarial  para¬ 
sites  in  the  anopheline  host.  Exposure  of  larval  mosquitoes  to  a  spore 
suspension  on  the  range  of  10s/mi  produces  adult  mortality  in  excess  of 
95$.  Additional  laboratory  experim  nts  are  planned  to  confirm  these  pre¬ 
liminary  observations.  If  successful,  large  scale  cage  tests  should  be 
planned. 
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TABUS  1 


Effect  of  rearing  larval  Anopheles  Stephens!  at  varying  densities  in  rela 
tion  to  subsequent  experimental  malarial  infection.  (Malarial  infection 
is  assayed  in  mean  number  of  malarial  oocysts  per  dissected  gut) 


Experiment 

No.  larvae /pan 

Mean  no.  oocysts 
+  S.E ,  mean 

la 

150 

9.60  +  1.48 

lb 

300 

7. Bo  +  l.6o 

lc 

60 

3.00  +  0.8l 

2a 

150 

398.62  +  to. 03 

2b 

6oo 

250.15  +  32.27 
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Effect  of  noseraatosis  upon  mortality  of  larval  Anopheles  Stephens ?. 


Nosema  spores/ml 

$  larval  mortality 

$  infection 

0  (control) 

7 

1 

7  x  101 

10 

1 

7  x  10a 

17 

6l 

7  x  103 

’  16 

73 

7  x  104 

36 

91 

HOB 


TABLE  3 


Effect  of  nosematosis  upon  development  of  malaria  in  Anopheles  Stephens! 


Nosema  spores/ml 

%  infected  with 
Nosema 

Mean  no.  oocysts 
■f  S  .E  • 

0  (control  A) 

0 

23.84  ±  2.88 

0  (control  B) 

0 

25.44  +  2.50 

5.6  x  10a 

92 

11.54  +  4.72 

5.6  x  103 

50 

16.73  +  3.12 

HOT 


TABIS  4 


Relation  between  level  of  Nosema  infection  of  individual  Anopheles 
Stephens 1  and  malarial  oocyst  development 


Level  of  Nosema 

Mean  no.  malarial 

infection 

oocysts  +  S.E. 

None  visible 

23.17  +  4.71 

Moderate 

15.83  +  7,4? 

Heavy 

10.33  +  6.84 

Very  heavy 

4.83  +  3.11 
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Description 

Studies  are  conducted  on  the  .infectivi.ty  of  human  and  simian  ma¬ 
larial  parasites  to  various  mosquito  vectors  of  malaria.  Special 
emphasis  is  placed  on  the  role  of  genetic  and  environmental  factors  in 
mosquito  susceptibility.  Mosquito  transmission  of  falciparum  and  vivax 
malaria  to  lower  primates  is  attempted.  The  results  of  these  studies 
are  applied  to  the  development  of  test  systems  for  the  evaluation  of 
antimalarial  drugs. 

Progress 


1.  Plasmodium  vivax 

Another  isolate  of  Chesson  vivax  malaria  was  studied  in  Aotus 
monkeys  to  determine  whether  the  successful  adaption  reported  previous 
(Ward,  Rutledge  and  Hickman,  1969)  could  be  repeated.  Infected  blood 
from  a  volunteer  (Sherman)  at  Jessup  Penitentiary  was  inoculated  into  a 
splenectomized  chimpanzee  (H95*0  on  30  November  1970.  The  animal  became 
patent  on  7  December  and  Anopheles  albimanus  and  A.  Stephens i  mosquitoes 
were  fed  on  the  chimpanzee  on  8  December  when  gametocytes  were  observed. 
Dissection  of  samples  of  mosquitoes  7  days  after  the  infectious  meal  in¬ 
dicated  a  mean  oocyst  count  of  20.6  for  A.  Stephens!  and  0  for  A.  albi¬ 
manus.  Salivary  gland  dissections  of  A.~stephensi  a  week  later  showed 
numerous  sporozoites  in  the  glands.  On  21  December  these  anophelines 
were  fed  on  2  splenectomized  Aotus .  Both  monkeys  developed  a  patent  in¬ 
fection  20  and  23  days  after  sporozoite  passage.  A  comparison  of  the 
behavior  of  this  isolate  indicated  that  it  was  very  similar  to  that 
observed  the  previous  year  in  sporozoite  transmitted  infections  in  monkeys 
(Table  l). 

The  constant  pattern  of  infection  and  mosquito  transmission  of  the 
Chesson  strain  indicated  that  it  would  be  a  suitable  model  for  testing 
the  efficacy  of  candidate  prophylactic  drugs.  The  particular  strain  was 
of  prime  significance  as  the  Chesson  (New  Guinea)  strain*  has  been  the 
standard  vivax  malaria  parasite  used  in  the  USA  for  the  past  25  years  to 
assess  drugs.  During  the  year,  the  Aotus -adapted  strain  was  sent  to  an 
Army  contract  group  (Southern  Research  Institute)  for  pre-clinical  studies 
on  malaria  prophylactic  drugs. 
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2.  Plasmodium  falciparum 


In  the  1970  Annual  Report,  the  failure  of  attempts  to  infect 
anopheline  mosquitoes  with  falciparum  malaria  was  discussed.  It  was 
postulated  that  gametocyte  immaturity  was  the  responsible  factor  and  that 
treatment  with  immunosuppressant  drugs  or.  anti  lymphocyte  serum  might  pro¬ 
long  gametocyte  survival  until  they  attained  a  degree  of  maturity  suit¬ 
able  for  infecting  mosquitoes. 

To  test  this  hypothesis,  an  experiment  was  conducted  with  a  commer¬ 
cial  preparation  of  azanthioprine  (Imuran)  at  doses  not  exceeding  the 
maximum  used  for  immunosuppressant  purposes  in  humans.  Nine  splenecto.:: i ?.ed 
Apt us  monkeys  were  separated  into  3  groups:  l)  a  control  group,  receiving 
saline  injections,  2)  a  group  receiving  Imuran  at  a  dosage  of  5 m/kg  for  a.  .17 
day  period,  beginning  two  days  prior  to  infection,  and  3)  a  group  receivin’, 
5m/kg  two  days  prior  and  7  days  subsequent  to  infection,  then  2  mg/kg  for 
the  succeeding  8  days.  All  drugs  were  administered  in  saline  solution  by 
the  intraperitoneal  route.  The  animals  were  examined  for  a  period  of.  35 
days  following  inoculation  of  P.  falciparum  (Per  strain)  from  an  infected 
Aotus .  All  animals  became  patent  within  a  period  of  9  -  14  days  irrespec¬ 
tive  of  treatment  (Table  2).  There  was  a  marked  difference  in  the  level 
of  maximum  parasitemia  achieved,  with  untreated  controls  attaining  only 
10$  of  the  level  of  treated  monkeys.  Gametocytes  were  far  more  abundant 
in  animals  receiving  immunosuppressants  and  only  in  these  individuals  were 
mature  gametocytes  observed.  Similarly,  only  in  tr  rted  monkeys  was  it 
possible  to  infect  Anopheles  stephensi  and  A.  quadrimaculatus  mosquitoes 
with  this  parasite.  Although  oocyst  counts  were  low,  ■♦‘he  appearance  was 
normal  and  some  salivary  gland  infections  were  observed. 

Infected  anophelines  from  this  experiment  were  permitted  to  feed 
upon  2  splenectomined  Aotus  and  one  splenectomized  chimpanzee  to  determine 
whether  these  sporozoites  were  virulent.  Within  two  weeks,  the  chimpanzee 
exhibited  parasitemia  while  the  Aotus  did  not  become  positive  over  a 
90  day  observation  period.  The  failure  to  establish  a  patent  infection 
in  the  Aotus  has  been  attributed  to  the  inability  of  the  liver  of  this 
host  to  sustain  complete  exoerythocytic  development  of  P.  falciparum. 

Conclusions  and  recommendations 


1.  Additional  mosquito  transmissions  of  Chesson  vivax  malaria  to 
Aotus  monkeys  have  been  effected.  The  Aotus -adapted  Chesson  strain  was 
sent  to  Southern  Research  Institute  for  pre -clinical  studies  on  malaria 
prophylactic  drugs . 

2.  The  use  of  an  immunosuppressant  agent,  Imuran,  permitted  P.  fal¬ 
ciparum  gametocytes  to  attain  a  suitable  level  of  maturity  in  the  Aotus 
monkey  so  that  mosquitoes  could  be  infected  with  this  parasite.  Falciparum 
malaria  was  transmitted  cyclically  to  the  chimpanzee  but  not  to  Aotus . 

This  procedure  will  be  applied  to  other  parasite  strains  of  falciparum 
malaria  in  adapting  them  to  subhuman  primates  for  cyclical  transmission. 
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TABLE  1 


Comparison  of  cyclically  passaged  Chesson  vivax  malaria  in  splenectomized 

Aotus  trivirgatus  (mean  values 


Date 

of 

Isolate 

1969  (n  = 

*0 

1970  (n  =  2) 

Day  of  first  gametocytes 

40 

26 

Day  of  1st  mosquito  infection 

40 

32 

Day  of  peak  gametocytemia 

52 

35 

Day  of  peak  mosquito  infection 

42 

35 

Peak  gametocyt  count/miu3  Mood 

268c 

6480 

Highest  mean  oocyst  count/  mosquito 

11 

12 
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23.  (u;  To  produce  keys,  guides,  and  other  guides  for  the  identification  of  mosquitoes 
which  are  vectors  of  diseases  of  military  importance.  Emphasis  is  on  vectors  of 
malaria  and  arbovirus  diseases  such  as  dengue.  Also,  to  obtain  data  on  the  ecology, 
biology,  and  disease  transmission  potential  of  these  mosquitoes. 


2li.  (U)  Mosquitoes  are  collected  by  military  and  civilian  cooperating  agencies  and  are 
forwarded  to  a  joint  WRAIR-Smithsonian  Institution  team  for  identification.  This  team 
intensively  studies  these  collections,  as  well  as  collections  in  established  museums, 
and  publishes  keys,  guides,  and  oth?r  identification  aids  which  are  returned  to  SE  Asia 
for  use  by  entomologists  engaged  in  control  and  survey  operations.  Team  also  accumu¬ 
lates  and  makes  available  disease  transmission  and  biological  data. 

25-  (u)  70  07  -  71  06.  Study  of  anopheline  vectors  of  malaria  from  Southeast  Asia  has 
continued.  A.  stricklandi  reported  from  Thailand  for  first  time.  Two  previously  un¬ 
recognized  forms  discovered  in  Anopheles  aitkenii  complex.  Study  of  Anopheles 
'.Myzomyia)  series  has  shown  that  only  5  species  of  this  group  occur  in  Thailand: 
aconituc,  culicil'acies,  jeyporiensis,  minimus,  and  pampanai.  This  study  showed  tnat 
previous  records  oi  filipinae,  fluviatilis  and  varuna  from  Thailand  are  in  error.  Re¬ 
vision  of  Aedes  ( Christophers iomyia)  of  Southeast  Asia  completed.  For  technical  report 
see  Walter  Reed  Army  Institute  of  Research  Annual  Progress  Report,  1  Jul  70  -  30  Jun  71. 
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Project  3A663713D829,  MALARIA  PROPHYLAXIS 
Task  00,  Malaria  Investigations 

Work  Unit  125 >  Taxonomy  and  ecology  of  disease  bearing  mosquitoes  of 
Southeast  Asia 


Investigators 

Principal:  LTC  Bruce  F.  Eldridge,  MSC 

Associate:  CPT  William  H.  Tyson,  MSC;  Ronald  A.  Ward,  Fh.D.; 

CPT  Bruce  A.  Harrison.  MSC;  John  E.  Scanlon,  Ph.D.*; 
MAJ  John  F.  Reinert,  NEC** 


Description 

Mosquitoes  are  collected  in  Southeast  Asia  by  co- re  rating  military 
organizations  and  other  groups.  Other  supplementary  materials  are  ob¬ 
tained  from  existing  collections  in  museums  end  other  institutions. 

After  study  taxonomic  revisions  and  descriptions  are  prepared  for  all 
of  the  mosquitoes  of  Southeast  Asia,  with  emphasis  on  the  species  of 
medical  importance.  Sections  of  the  work  are  published  as  completed, 
and  keys  of  value  to  military  entomologists  are  prepared  as  required. 

The  eventual  aim  of  the  project  is  the  publication  of  a  series  of  mono¬ 
graphs  completely  describing  the  mosquitoes  of  the  area.  In  addition 
collection  and  ecological  data  are  recorded  later  for  collation  with 
published  data  on  the  ecology  of  th6  various  species.  Short  -term  field 
studies  are  conducted  in  endemic  areas  for  vector  incrimination  and  col¬ 
lection  of  specimens  for  laboratory  analysis.  Laboratory  crosses  are 
made  among  members  of  wide-ranging  species  or  related  species  to  detect 
the  presence  of  mating  barriers  which  might  affect  the  specific  status 
of  various  taxa.  Studies  under  this  work  unit  are  performed  in  conjunc¬ 
tion  with  the  Smithsonian  Institution  under  (J.S.  Army  Medical  Research 
and  Development  Command  Contract  MD-2672.  This  report  covers  the  in- 
house  portion  of  work  only. 

Progress 

1.  Anopheles  of  Thailand 

Portions  of  the  text  of  Anopheles  mosquitoes  of  Thailand  that  are 
in  final  or  rough  dj-aft  fora  are  currently  being  edited  and  nearly  200 
plates  are  undergoing  final  preparation  and  correction.  Examination  of 
recently  accrued  specimens  is  in  progress  and  keys  to  the  immature 
stages  are  being  prepared. 

Examination  of  the  Anopheles  aitkenji  complex  revealed  the  first 
specimens  of  A.  stricklandi  Reid  from  Thailand.  In  addition,  2  pre¬ 
viously  -on  re  cognized  J forms"  have  been  found  In  the  altkenii  coimp  lex. 

The  status  of  thece  "forms"  is  not  yet  resolved. 


*  University  of  Texas,  School  of  Public  Health,  Houston 

**  '  'ment  of  Entomology,  University  of  Florida,  Gainesville 
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Preliminary  examination  of  nearly  18,000  sibling  and  individually 
reared  specimens  of  the  Anopheles  (H/zomyla)  series  suggests  only  5 
species  occur  in  Thailand,  i.e.,  aconitus,  culicifacles,  jeyporiensis, 
minimus  and  pang  anal.  Previous  records  of  adult  f ilipinae ,  fluviatilis 
and  varuna  from  Thailand  can  now  be  disregarded,  since  specimens  iden¬ 
tical  to  these  were  infrequently  obtained  from  lurvae  and  sibling  series 
of  wild-collected  aconitus  and/or  minimus.  No  immature s  of  f ilipinae , 
fluviatilis  or  varuna  were  found  in  Thailand. 

2.  Aedes  of  Southeast  Asia 

Study  has  been  completed  on  the  subgenus  Christophersiomya  and  the 
taxonomic  revision  is  undergoing  final  preparation  as  the  illustrations 
are  being  prepared.  Publication  is  expected  in  early  FY  72. 

3.  Field  studies  in  Northern  Afghanistan 

During  1968,  the  Johns  Hopkins  University  Geographical  Epidemiolo¬ 
gy  Unit  (USAMRDC  Contract  MD-2658)  conducted  field  studies  in  northern 
Afghanistan  which  indicated  the  presence  of  a  focus  of  vivax  malaria 
at  Bulla  Quchi.  In  this  village  of  361  inhabitants,  who  were  of  Uzbek 
origin,  six  persons  between  the  ages  of  1  to  16  years  exhibited  Plas¬ 
modium  vivax  parasites  in  peripheral  blood  smears.  Limited  entomologi¬ 
cal  surveys  conducted  in  the  village  with  CDC  light  traps  resulted  in 
the  collection  of  several  hundred  specimens  of  A.  hyrcanus  (Fallas)1 
and  a  small  number  of  A.  pulcherrimus  Theobald  in  the  period  between 
8-20  September.  Surprisingly,  no  specimens  were  found  of  A.  superpictus . 
which  has  always  been  considered  to  be  the  only  vector  of  malaria  in 
Afghanistan.  Since  these  investigations  were  conducted  towards  the  end 
of  the  transmission  season  the  incrimination  of  a  vector  could  not  be 
achieved.  Several  possibilities  existed:  l)  The  vector  was  an  anophe- 
line  which  was  present  earlier  in  the  transmission  season,  2)  A.  hyrcanus 
was  the  vector,  3)  The  vector  was  A.  pulcherrimus  or,  4)  More  than  a 
single  Bpecies  served  as  a  vector.- 

A  follcw-up  study  by  a  field  team  from  the  Johns  Hopkins  University 
School  of  Hygiene  and  Public  Health  and  the  Walter  Reed  Army  Institute 
of  Research”  visited  northern  Afghanistan  during  the  height  of  the  ma¬ 
laria  transmission  season  in  order  to  incriminate  the  mosquito  vector(t), 
collect  additional  specimens  for  taxonomic  study  and  examine  the  inci¬ 
dence  of  malaria  in  several  villages. 


/The  literature  on  malaria  in  Afghanistan  refers  to  this  species  as 
A .  hyrcanus  vmr.  pseudoyictus  Grassi  or  £.  hyrcanus  var.  sinensis 
Wiedemann.  A  study  of  the  Palearetio  members  of  the  hyrcanus  group 
indicates  that  the  Afghanistan  populations  should  be  designated 
A.  hyrcanus  (Pallas) 

aThe  field  team  comprised:  Alfred  A.  Buck,  M.D.  (Epidemiologist), 
Robert  I.  Anderson,  ffo.D.  (Parasitologist),  Kay  Buck  (Nurse-technician) 
and  Ronald  A.  Ward,  Ito.D.  (Medical  entomologist). 
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Entomological  and  epidemiological  studies  were  conducted  during 
July  1970  in  Anguor  Baugh  (10  km  S  of  Kunduz,  near  the  Kunduz  River) 
and  in  Khana  Qua  (a  small  village  5  km  S  of  Imam  Saiyid  and  15  km  from 
the  Tadzik  S.S.R. -Afghan  border)  while  only  entomological  studies  were 
made  in  Bulla  Quchi,'  Parasitological  surveys  of  the  Malaria  Institute 
indicated  that  approximate ly  20  percent  of  individuals  in  Anguor  Baugh 
had  malarial  infections  (cumulative  total  through  14  July  1970),  55 
percent  in  Khana  Qua  and  about  10  percent  ir  Bulla  Quichi.  In  all  in¬ 
stances,  Plasmodium  vivax  was  the  only  parasite  observed. 

The  three  villages  were  similar  in  size  with  populations  between 
500-1000.  All  homes  were  constructed  of  mud  or  su  l-baked  brick  and 
situated  in  courtyards  surrounded  by  high  mud  wal] s .  Cattle  and  domes¬ 
tic  animals  were  housed  in  adjoining  buildings  in  the  courtyards, 
cooking  and  sleeping  (during  the  eunner)  usually  occurred  outdoors  in 
the  yards.  Both  Bulla  Quchi  and  Khana  Qua  were  surrounded  by  rice  and 
melon  fields;  most  dwellings  were  within  a  distance  of  150  to  300 
meters  from  a  rice  field.  The  rice  fields  were  approximately  1  km 
distant  from  Anguor  Baugh.  However,  in  this  instance,  the  village  was 
situated  on  a  small  bluff  overlooking  the  Kunduz  River,  several  hundred 
meters  away.  Rainfall  is  virtually  non-existent  during  the  suraoer  and 
most  of  the  water  is  supplied  from  narrow  irrigation  ditches  which  are 
usually  contaminated.  Within  the  villages  little  natural  vegetation 
remained  with  the  exception  of  weeds,  small  fruit  trees  such  as  apple 
and  pomegranate  and  artifically  planted  shade  and  lumber  trees. 

Mosquito  collections  were  made  from  the  villages  using  standard 
survey  procedures,  i.e.,  human-biting  and  resting  collections,  larval 
surveys  and  use  of  the  CDC  light  traps.  Anopheles  pulcherrimus  was  the 
commonest  anopheline  encountered  and  comprised  95  percent  of  the  adults 
collected.  In  habits,  this  species  appeared  to  be  exophilic  and  par¬ 
tially  anthrophilic.  Biting  collections  indicated  that  female  A.  pul¬ 
cherrimus  confined  most  of  their  blood-feeding  to  the  period  1930  - 
2200  hours,  usually  outside  the  houses.  A  biting  collection  at  Bulla 
Quchi  during  the  evening  of  23  July  collected  4.3  anophelines  and  less 
than  1  culicine  per  man  hour  from  human  bait.  A  similar  biting  rate 
was  observed  from  cattle  several  hundred  meters  from  the  nearest 
dwelling.  No  anophelines  were  observed  within  house*  or  stables  in  the 
villages,  either  at  night  or  during  the  day.  However,  during  the 
evening  of  24  July  this  species  was  observed  feeding  indoors  in  a  house 
on  the  outskirts  of  Kunduz. 

Light  trap  collections  were  made  during  three  nights  at  Anguor 
Baugh  (18-19,  19-8Q,  21-22  July)  and  one  evening  at  Bulla  Quchi 
(22-23  July).  Although  the  total  number  of  mosquitoes  collected  was 
relatively  low  (Table  l),  a  large  proportion  of  the  catch  consisted 
of  engorged  Anopheles  pulcherrimus .  The  only  auult  A.  hyreanus  en¬ 
countered  during  the  study  came  Tram  a  light  trap  in  Bulla  Quchi  sus¬ 
pended  from  a  tree  near  several  Tethered  cows  and  a  resting  collection 
from  a  wall  at  the  edge  of  a  rice  field  in  Khana  Qua.  Culicine  mosqui¬ 
toes  were  extremely  scarce  during  the  period  surveyed  and  no  additional 
anopheline  species  were  enoountered  in  a  variety  of  habitats  examined. 
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£3-  (U)  TO  develop  reliable  in  vitro  procedures  by  which  large  quantities  of  relatively 
pure  malarial  sporozoites  can  be  produced  for  malaria  vaccir.e  development  studies. 

Also,  to  develop  mosquito  tissue  culture  systems  for  studies  on  pathogen  invasion  and 
growth  dynamics  in  invertebrate  tissue. 

24.  (u)  Development  of  culture  media  which  will  support  growth  of  invertebrate  stages 
of  malaria  parasites.  Ceveloptuent  of  various  techniques  for  the  isolation  and  puri¬ 
fication  of  indiviaual  stages  oi  parasite.  Evaluation  of  mosquito  life  cycle  stages 
for  suitability  for  establishing  primary  cultures. 

25.  (U)  70  07  -  71  06.  By  employing  a  new  culture  medi'-sm  and  modifying  the  trypsin 
treatment  of  the  primary  explants  it  is  now  routinely  possible  to  subculture  ceils 
from  various  anoj heline  and  culicine  species  alter  seven  to  fourteen  lays  ir:  vitro. 
Comparable  progress  previously  required  three  weeks  to  three  months.  Isolation  jf 
Plasmodium  cynomolgi  spicrozoites  from  mosquito  tiss  ies  ani  the  separation  of  the 
various  erythrocytic  stages  of  the  sw&e  parasite  by  density  gradient  centrifugation 
have  not  been  entirely  successful.  In  tv>t*.  instances,  the  high  osmoiarity  .  •'  the 
gradient  medirim,  a  mixture  of  Renografin  and  rerun:  albumin,  has  been  somewhat,  detri¬ 
mental  to  the  parasites.  Ex'.mustive  dialysis  of  both  components  is  being  -scried  out 
to  reduce  the  osmotic  pressure  to  well  be  lew  isotonic  levels.  The  ^s  molarity  Is  the!, 
readjusted  to  physiological  levels  by  the  addition  of  salts.  For  technical  report 

see  Waiter  Reed  Arsy  Institute  of  Research  Annual  Progress  Beirut,  1  Jui  70  -  jO  J  j;  71 
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Project  3A663713D829,  MALARIA  PROPHYLAXIS 
Task  OQ,  Malaria  Investigations 


Work  Unit  126,  In  vitro  cultivation  of  mosquito  tissue  and  malarial 
parasites 


Investigators 

Principal:  Imcgene  Schneider,  Ph.D. 

Associate:  David  H.  Chen*,  SP/5  William  N.  Palmer 

Description 

This  investigation  involves  three  major  areas:  (l)  the  use  of  an  in 
vitro  system  for  the  collection  of  large  numbers  of  malaria  sporozoites 
free  or  virtually  free  of  mosquito  tissue,  (2)  the  use  of  density  gradi¬ 
ents  to  isolate  the  sporozoite  stage  from  mosquitoes  and  the  gametocyte 
stage  from  the  other  blood  forms  and  (3)  the  development  of  primary  and 
established  cell  lines  from  a  selected  number  of  mosquito  species.  The 
sporozoites  obtained  directly  or  indirectly  through  the  first  two  ap¬ 
proaches  outlined  above  are  to  be  used  as  the  source  of  malarial  antigen 
for  immunological  studies.  The  mosquito  cell  lines  are  to  be  utilized 
in  both  malaria  and  arbovirus  research. 

Progress 


l.  Cultivation  of  malaria  parasites  and  mosquito  tissues- 

Prior  work  on  culturing  the  mosquito  phases  of  malaria  parasites 
centered  on  using  the  oocyst  stages.  Little  information  was  gained  by 
doing  so.  With  a  reasonably  adequate  culture  medium  the  older  oocysts, 
having  already  differentiated  to  some  extent,  matured  in  vitro  and  re¬ 
leased  their  sporozoites  within  a  period  of  2k  Lours.  Placing  younger 
oocysts  in  vitro,  while  theoretically  desirable  as  more  stringent  demands 
would  be  made  on  the  culture  system,  was  impractical  due  to  the  technical 
difficulties  involved  in  dissecting  such  small  bodies  from  the  midgut  of 
the  mosquito  host.  It  therefore  seemed  advisable  to  culture  the  initial 
stages,  e.g.,  the  gametocytes,  assuming  they  could  be  obtained  in  suf¬ 
ficient  numbers.  Efforts  are  being  made  to  separate  the  gametocytes  from 
the  other  erythrocytic  stages  as  well  as  uninfected  blood  cells  by  the 
technique  of  density  gradient  centrifugation  (see  section  2a). 

The  culture  chambers  were  microtest  tissue  culture  plates,,  prepared 
one  day  in  advance  by  filling  30  of  the  wells  with  15  pi  of  medium  and 
the  remaining  we  13a  with  an  equal  amount  of  medium  containing  Anopheles 
stephenai  cells  (5  x  10®  per  ml).  Previous  work  had  employed  cells  from 
an  established  line  which  had  been  in  existence  for  approximately  three 
years.  More  recently,  cells  from  actively  proliferating  primary  cultures 
were  used  since  the  latter  would  be  expected  to  reflect  more  accurately 


*  Department  of  Biology,  American  University,  Washington,  D.C.  20016 

1122 


During  the  day  a  search  was  made  for  adult  anopheline  resting  sites 
The  interior  and  exterior  of  houses  and  stables  did  not  disclose  mosqui¬ 
toes,  At  Anguor  Baugh  nurru  ±ous  A.  puleherrimus  were  observed  resting  on 
the  walls  of  mud  f'isures  or  "caves"  in  a  small  bluff  between  the  Kundus 
River  and  the  village  proper.  The  "caves"  were  2-4  meters  high,  0.3  - 
1  meter  wide  and  0.6-2  meters  in  depth.  This  type  of  microniche  was 
fairly  extensive  along  the  shores  of  the  river.  Often  as  many  as  25 
anophelines  were  observed  in  a  single  fissure.  During  a  45  minute  perio 
between  060C  -  0645  hours  on  22  July,  53  A.  puleherrimus  were  collected 
by  one  individual.  These  included  10  99  "("freshly  engorged),  1  gravid  9 
and  42  dtf.  Engorged  females  from  this  and  other  collections  were  pre¬ 
served  for  precipitin  testing  to  determine  the  source  of  the  blood  meal. 
At  Khana  Qu\,  no  natural  resting  sites  were  observed.  Careful  searching 
of  the  outer  walls  of  the  village  disclosed  female  A.  puleherrimus 
resting  along  the  sides  of  small  cracks  in  the  mud  surface.  Similarly, 
a  low  wall  adjacent  to  a  rice  field  contained  many  mosquitoes.  A  20 
minute  collection  recovered  34  anophelines  (32  A.  puleherrimus  [7/8  99 
engorged  and  22  dtf]  and  2  99  A.  hyreanus ) . 

Anopheline  larvae  were  observed  in  two  rather  distinct  situations. 
In  Anguor  Baugh,  the  rice  and  melon  fields  adjacent  to  the  village  were 
dry.  Numerous  seepages  were  observed  at  the  base  of  the  previously  men¬ 
tioned  bluffs.  These  contained  slow  flowing  water  which  was  contami¬ 
nated  with  cattle  droppings.  In  this  situation  as  many  as  15  second 
and  third  stage  anopheline  larvae  could  be  found  in  a  single  larval  dip. 
Other  potential  breeding  sites  in  this  village  such  as  the  irrigation 
ditches,  borrow  pits  and  the  pond  in  the  mosque  courtyard  were  negative 
for  mosquito  larvae.  The  second  anopheline  habitat  was  observed  both 
in  Bulla  Quichi  and  Khana  Qua  where  extensive  larval  breeding  was  ob¬ 
served  in  the  flooded  rice  fields.  Larvae  usually  only  occurred  in 
well-seasoned  water  which  had  been  standing  in  the  fields  for  a  period 
of  3  weeks  or  longer.  Under  such  conditions,  over  100  anopheline 
larvfce  were  found  in  a  single  dip.  As  with  the  adult  collections. 

A.  puleherrimus  was  the  dominant  species  (80  -  90  percent)  with  A.  hyr¬ 
eanus  as  tb°  residuum. 

Precipitin  testing  of  engorged  female  A.  puleherrimus  from  Anguor 
Baugh  indicated  that  bovine  animals  were  the  main  host  (Table  2)  and 
that  64  percent  of  the  meals  were  derived  from  this  source.  Horses  and 
humans  were  the  other  common  sources  of  blood  meals.  Unidentified 
mammals  accounted  for  a  residual  15  percent.  Approximately  75  parous 
females  of  this  species  were  dissected  for  malarial  oocysts  and/or 
sporozoites.  All  specimens  were  negative. 

The  entomological  evidence  indicates  that  Anopheles  puleherrimus 
is  probably  responsible  for  the  transmission  of  Plasmodium  vivax  to 
to  man  in  the  Kunduz  -  Imam  Saiyid.area  of  northern  Afghanistan  during 
the  peak  of  the  transmission  season  in  July  and  August.  The  ecology  of 
this  species  is  such  that  it  has  a  close  association  with  man  in  its 
breeding  sites,  feeding  habits  and  resting  sites  -  all  attributes  of  a 
good  malaria  vector.  This  was  confirmed  by  A.S.  Badawi,  WHO  entomolo¬ 
gist  who  found  6/540  (1.1  percent)  of  A.  puleherrimus  dissected  during 
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July  and  August  1969  with  infected  salivary  glands.  93  additional 
specimens  dissected  during  June  and  September  were  negative. 

The  importance  of  A.  hyrcanus  as  a  'econdary  vector  requires 
further  study.  Since  it  has  breeding  habits  similar  to  the  former 
species  it  may  be  postulated  that  it  becomes  significant  in  late 
August  or  September  when  pulcherrlmus  populations  decline  drastically 
and  hyrcanus  assumes  95  percent  incidence.  Badawi  found  2/304  (0.7 
percent)  of  dissected  A.  hyrcanus  with  positive  salivary  glands  during 
August  and  September  1969  hut  observed  no  infections  from  866  females 
examined  during  June,  July  or  October.  He  pointed  out  that  no  infected 
anophelines  were  seen  after  Septebmer  15th.  According  to  his  observa¬ 
tions  some  of  these  A.  hyrcanus  may  survive  for  a  sufficient  period  to 
undergo  full  sporogonous  development  in  the  early  fall.  The  feeding 
habits  of  these  late  seasonal  mosquitoes  are  not  known  so  it  is  not 
possible  to  ascertain  their  epidemiological  significance. 

Residual  spraying  of  houses  with  DDT  has  occurred  on  a  fairly 
regular  basis  in  the  Kunduz  area  since  1950*  Until  1968,  boob  the  above 
species  were  susceptible  to  this  insecticide.  However,  during  1969* 

A.  hyrcanus  developed  DDT-resistance.  It  is  evident  the  use  of  residual 
DDT  house -spraying  is  not  the  solution  to  anopheline  vector  control 
here.  A  number  of  alternate  procedures  such  as  the  use  of  larvicides, 
applied  either  from  back-pack  sprayers  or  aircraft,  spraying  of  adult 
resting  sites  (which  appear  to  be  so  clearly  defined)  and  changing  irri¬ 
gation  practices  in  the  rice-growing  areas  should  materially  reduce 
anopheline  density  to  such  a  level  that  malaria  transmission- will  be 
drastically  reduced. 

The  disappearance  of  A.  superpictua  from  Kunduz  Province  is  ap¬ 
parently  related  to  ecological  changes  in  the  Kunduz  Valley  which  are 
associated  with  the  flooding  of  tremendous  tracts  of  land  for  the 
cultivation  of  rice.  In  addition,  with  the  increase  in  human  and  cattle 
populations,  natural  sources  of  water,  which  were  formerly  the  breeding 
sites  of  A.  superp ictus  have  become  contaminated  and  can  no  longer  sup¬ 
port  this  species.  On  the  other  hand,  pulcherrlmus  and  hyrcanus  have 
invaded  this  habitat  and  the  rice  field  environment  to  produce  extensive 
breeding  sites. 

Conclusions  and  recommendations 

Taxonomic  revisions  of  several  groups  of  mosquitoes  have  been  com¬ 
pleted.  In  addition,  biological  criteria  have  been  employed  to  elucidate 
natural  relationships  among  geographic  strains  of  anophelines.  Such 
techniques  should  be  employed  to  a  much  greater  extent  in  the  future, 
especially  in  the  case  of  geographic  strains  differing  in  vectorial 
capacity.  Taxonomic  reviews  of  anophelines  in  areas  other  than  Thailand 
are  badly  needed.  Revision  of  the  genera  Culex,  Aedes  (especially 
Stegonyia) ,  and  Mansonia  should  receive  top  priority. 
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Precipitin  Testing  of  Blood  Meal  Source  of  Anopheles  pulcherrimns  from  Anguor  Baugh 
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the  properties  of  cells  within  the  intact  insect.  One  |il  of  blood  forms 
was  added  to  each  of  the  wells  the  following  day.  In  no  instance  was 
the  sepaiation  of  the  gametocytes  and  schizonts  complete;  the  latter 
always  appeared  in  greater  numbers  in  the  samples.  Also  there  was  evi¬ 
dence  that  tue  blood  cells  containing  the  parasites  had  been  adversely 
affected  by  the  gradient  medium.  In  none  of  the  control  or  experimental 
cultures  (6  series  of  60  microtest  cultures  each)  was  there  any  evidence 
of  further  development  on  the  part  of  the  gametocytes. 

2a.  Isolation  of  the  gametocyte  stage  from  the  other  blood  forms 

Investigators  from  another  laboratory  reported  the  partial  separa¬ 
tion  of  the  blood  forms  of  Plasmodium  berghei  in  different  fractions  of 
a  bovine  serum  albumin  gradient.  In  linear  gradients  having  densities 
varying  from  1.04  to  1.09  gm/cm3,.  the  ring  forms  predominated  in  the 
heaviest  fractions  and  the  mature  schizonts  in  the  lightest  fractions 
with  the  older  trophozoites  banded  in  between.  Gametocytes  were  found 
in  the  upper  half  and  uninfected  cells  in  the  lower  half.  Attempts  to 
use  identical  gradients  for  isolating  the  various  blood  stages  of 
P.  cynomolgi  were  unsuccessful.  Not  only  was  the  separation  poor  but 
all  of  the  blood  cells,  regardless  of  their  final  position  in  the  gradi¬ 
ent,  showed  morphological  abnormalities  when  examined  under  phase  con¬ 
trast.  The  damage  suffered  by  the  cells  was  attributed  to  the  high 
osmotic  pressure  of  the  gradient  medium.  Therefore,  density  gradients 
had  to  be  prepared  in  which  the  osmolarity  of  the  fractions  was  con¬ 
trolled. 

To  determine  the  specific  density  of  an  average  red  blood  cell  of 
the  Rhesus  monkey  a  6  ml  sample  of  blood  was  withdrawn  from  the  femoral 
artery  and  defibrinated  with  glass  beads.  The  blood  was  then  mixed  with 
30  ml  of  cold  buffered  saline -glucose  solution  (BS5)  having  a  pH  of  7.4 
and  an  osmolarity  of  291  mOsm/1.  It  was  then  filtered  twice  in  the  cold 
through  lUu  Millipore  filters,  washed  twice  with  cold  BSG  and  then  packed 
by  centrifugation  at  l400xg  in  a  Sorvall  refrigerated  centrifuge.  47.5  mm 
of  packed  red  cells  were  then  introduced  into  92  mm  capillary  tubes  pre¬ 
viously  filled  with  20  mm  of  phthalate  ester  having  densities  varying 
from  1.066  to  1.114  gm/cma .  The  density  of  the  average  blood  cell  could 
be  determined  by  noting  in  which  of  the  tubes  50  percent  of  the  blood 
cells  had  moved  through  the  gradient.  This  proved  to  be  between  1.086 
and  1.090  gm/cm3. 

In  order  that  the  infected  cells  be  retained  in  the  upper  half  of 
the  gradient,  the  uninfected  heavier  red  cell  must  reach  equilibrium 
below  the  center  of  the  gradient.  This  was  accomplished  by  using  a  dis¬ 
continuous  gradient  consisting  of  five  fractions  in  increments  of  0.006 
gm/cm3,  the  lightest  and  heaviest  fractions  having  densities  of  1.068  and 
1.108  gm/cm3,  respectively. 

To  prepare  bovine  serum  albumin  gradients  with  the  proper  density 
and  osmolarity,  the  albumin  is  first  dissolved  in  deionized  water  (30$ 
by  weight)  and  dialized  in  the  cold.  An  Amicon  FM  30  dialysis  membrane, 
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which  allows  molecules  of  under  30,000  molecular  weight  to  pass  through, 
was  employed.  Dialysis  of  the  commercially  obtained  bovine  serum  albumin 
was  necessary  because  it  has  an  osmolarity  of  over  4,000  mOsm/l  at  a  con¬ 
centration  of  30  gms  percent;  the  physiological  level  of  red  blood  cells 
is  approximately  2$K)  m0sm/l.  .After  exhaustive  dialysis  (30  hours)  the  os¬ 
molarity  was  lowered  to  43  m0sm/l.  The  albumin  after  being  centrifuged 
and  filtered  to  remove  bacterial  growth  was  weighed  and  the  volume  esti¬ 
mated  from  the  weight.  The  volume  of  available  water  for  binding  with 
salts  was  estimated  and  then  the  following  salts  were  added  in  serial 
order  to  raise  the  osmolarity  to  approximately  237  raOsm/l:  MgClg  .OJlg  o, 

NaCl,  KC1,  NaHC03  and  finally  glucose.  The  osmolarity  is  then  adjusted 
to  290  by  adding  the  appropriate  amount  of  NaCl  (100  mg  of  NaCl/100  nil 
of  solution  raises  the  osmolarity  by  31.5  m0sm/'l).  The  specific  density 
of  the  albumin  solution  is  determined  with  a  Lipkin  bicapillary  pycnometer. 

Gradients  are  prepared  by  layering  the  five  fractions  of  differing 
densities  in  a  40  ml  cellulose  nitrate  tube.  One  ml  of  defibrinated 
P.  cynomolgi  infected  blood  cells  are  layered  on  top  of  the  gradient  and 
spun  at  16, OOGxg  for  60  minutes.  The  majority  of  gametocyte-infected 
cells  are  found  at  the  interface  of  the  two  lightest  fractions.  Separa¬ 
tion  of  the  gametocytes  and  schizonts  is  not  completely  successful  but 
all  of  the  blood  cells  retain  their  normal  morphology  both  under  phase 
contrast  and  in  Giemsa  stained  preparations.  Continuous  linear  gradients 
are  now  being  prepared  in  an  effort  to  obtain  greater  separation  between 
the  gametocytes  and  schizonts. 

2b.  Isolation  of  malaria  sporozoites  on  density  gradients 

In  a  previous  study,  P.  gallinaceum  sporozoites  were  routinely 
isolated  in  large  numbers  Jl Cr/ml  or  more)  from  homogenates  of  infected 
Aedes  aegypti  mosquitoes  by  the  use  of  a  density  gradient  system.  The 
gradient  medium  was  composed  of  Renografin  (methylglucamine  diatrizoate 
plus  additives)  and  bovine  serum  albumin -Fraction  V.  Linear  gradients 
were  prepared  from  15$  BSA/  20$  R(l:l.  density  =  1.06l  gm/cm3)  and  30$ 
BSA/56$  R  (1:1,  density  =  1.153  gm/cmr),  Infective  sporozoites  were 
routinely  recovered  from  gradient  fractions  11  and  12  with  an  average 
density  of  1.120  go/cm3. 

P.  cynomolgi  sporozoites  were  isolated  from  Aru  stephensi  mosquitoes 
in  an  identical  manner.  Although  the  sporozoltes~banded  in  approximately 
the  sane  fractions  they  were  neither  infectious  nor  viable.  The  most 
plausible  explanation  is  that  the  P.  cynomolgi  sporozoites  are  much  more 
sensitive  to  osmotic  changes  than  are  the  P.  gallinaceum  sporozoites. 

In  an  effort  to  negate  this  factor,  a  number  of  gradient  runs  were  made 
:n  which  the  concentrations  of  Renografin  and  serum  albumin  were  varied 
while  the  densities  of  the  fractions  remained  constant.  No  improvements 
were  noted  in  the  appearance  of  the  sporozoites. 

Consequently,  present  attempts  are  centered  on  using  a  gradient 
composed  solely  of  BSA  which  has  been  exhaustively  dialized  (see  pre¬ 
ceding  section)  and  in  which  the  oamolarity  has  been  adjusted  to 
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physiological  levels.  The  03molarity  of  An.  Stephens i  hemolymph  has 
been  estimated,  to  be  approximately  380  mOsm/l  whereas  that  of  monkey 
blood  is  about  290  mOsm/l.  With  appropriate  salts  and  sugars  the  osmo- 
larity  of  the  different  gradient  fractions  are  adjusted  to  levels  within 
this  range.  Initial  trials  with  such  gx’adients  have  been  very  encour¬ 
aging:  motile,  viable  sporozoites  have  been  recovered  from  the  peak 
fractions.  However,  infectivity  of  the  sporozoites  has  yet  to  be  tested. 

3.  Establishment  of  cell  lines  from  Culex  tritaeniorhynchus  and 
Culex  salinarius 


One  of  the  most  striking  features  regarding  the  establishment  of 
insect  cell  line*  has  been  the  long  period  of  adaptation  required  be¬ 
tween  the  initiation  of  the  primary  cultures  and  the  subsequent  transi¬ 
tion  to  subculturing.  This  process  has  often  taken  three  or  more  months 
with  some  lines  requiring  as  long  as  nine  months.  Most  of  the  dipteran 
lines  established,  currently  numbering  about  15,  are  being  used  for  the 
propagation  of  arthropod- borne  viruses  and  for  studies  of  host  cell- 
pathogen  interactions  involving  various  parasitic  protozoans.  Such  pro¬ 
longed  periods  of  adaptation  undoubtedly  compromise  the  value  of  these 
cell  lines  for  such  studies. 

In  an  earlier  report,  the  initiation  and  development  of  cell  lines 
from  neonate  larvae  of  C.  tritaeniorhynchus  and  C.  salinarius  was  de¬ 
scribed.  Intervals  of  2-3  months  were  required  before  the  cells  were 
capable  of  being  subcultured.  Additional  lines  have  since  been  estab¬ 
lished  in  which  the  transition  period  from  primary  culture  to  subculture 
was  reduced  to  a  maximum  of  8-l4  days. 

Five  primary  cultures  for  each  species  were  initiated  during  March 
and  April,  1970.  Methods  for  the  collection,  surface  sterilization  and 
subsequent  handling  of  the  embryos  were  identical  to  those  used  for 
initiating  cell  lines  from  An.  stephensi.  Two  changes  were  made  in  the 
culturing  procedure:  (l)  the  culture  medium  designed  by  S.H.  Hsu  for 
C.  quinquefasciatus  was  utilized  and  (2)  the  length  of  time  the  larval 
fragments  remained  in  the  trypsin  solution  was  doubled.  Outgrowth  of 
cellular  spheres  from  the  larval  fragment  ends,  so  commonly  seen  in  pri¬ 
mary  cultures  of  earlier  dipteran  lines,  was  virually  absent.  Instead, 
small  colonies  of  cells  were  seen  attached  to  the  bottom  of  the  culture 
flasks  within  2-4  days  after  the  cult. 'ires  had  been  set  up.  Multiplica¬ 
tion  of  the  cells  in  the  colonies,  particularly  in  the  C.  tritaeniorhyn¬ 
chus  cultures,  was  very  steady  with  no  indication  of  a  lag  in  growth. 

All  5  primary  cultures  of  C.  tritaeniorhynchus  were  subcultured  within 
8  days  of  being  initiated.  Although  growth  in  the  C.  salinarius  cul¬ 
tures  was  neither  as  rapid  or  extensive,  the  cells  could  nonetheless 
be  subcultured  within  10-14  days. 

The  cells  of  the  C.  tritaeniorhynchus  line  grow  in  a  monolayer  but 
have  a  pronounced  tendency  to  pile  up  at  central  foci  as  the  cell  density 
. ncreases.  There  is  considerable  variation  with  respect  to  both  size 
and  shape  of  the  cells.  The  most  prevalexit  cell  type  is  spindle-shaped 


1130 


and  varies  from  7-15b  in  diameter  and  35- 55b  in  length.  The  chromo¬ 
some  number  is  predominantly  diploid  (2n  =  6)  -with  10-15$  of  the  cells 
being  tetraploid.  Higher  polyploidy  is  rare.  During  the  logarithmic 
growth  phase ,  the  population  doubling  time  is  approximately  21  hours. 

C.  sallnarius  cells  also  grow  in  a  monolayer  but  unlike  those  of 
the  tritaenlorhynchus  line  have  no  tendency  tc  cluster.  The  great 
majority  of  cells  are  polygonal  in  shape  and  vary  from  10-20p  in  diameter 
and  30-70p  in  length.  Approximately  65$  of  the  cells  possess  a  diploid 
chromosome  set;  the  other  35$  are  either  tetraploid  or  occasionally  octa- 
ploid.  Upon  seeding  into  new  flasks,  the  cells  initially  decrease  in 
number  but  by  day  three  are  multiplying  quite  rapidly.  They  never,  how¬ 
ever,  attain  the  density  found  in  the  C.  tritaenlorhynchus  line. 

Conclusions  and  recommendations  • 

1.  Attempts  to  culture  the  mosquito  phases  of  malaria  parasites 

in  medium  alone  or  in  media  containing  ceils  from  primary  or  established 
cultures  of  the  mosquito  host  have  not  been  very  successful.  The  use  of 
the  more  advanced  stages  is  not  very  meaningful  as  differentiation  of 
the  parasite  has  by  and  large  been  completed  and  the  medium  need  serve 
only  for  maintenance  rather  than  growth  of  the  parasite.  Younger  oocysts 
would  prove  more  sensitive  indicators  of  the  adequacy  of  tne  medium  but 
it  is  not  feasible  to  dissect  them  in  any  great  number  from  the  midgut. 
The  gametocyte  stage  might  prove  the  most  valuable  for  assessing  the 
culture  system  were  it  possible  to  obtain  this  stage  free  arid  undamaged 
from  the  other  blood  stages. 

2.  Initially  two  problems  were  involved  in  attempting  to  separate 
the  gametocytes  from  the  other  blood  forms;  namely,  separation  between 
schizonts  and  gametocytes  was  not  complete 'y  satisfactory  and  secondly, 
all  of  the  blood  cells,  infected  as  well  as  uninfected,  were  damaged  to 
some  extent  by  being  on  the  gradient.  The  latter  problem  has  been 
resolved  by  using  gradients  in  which  the  osmalarjty  of  the  fractions  is 
rigidly  controlled.  Emphasis  should  therefor  be  placed  on  varying  the 
densities  of  the  intermediate  fractions  in  order  to  achieve  finer  sep¬ 
aration  between  gametocytes  and  schizonts. 

3.  P.  cynomolgi  sporozoites  proved  to  be  much  more  fragile  than 
P.  gaiiinftceum  sporozoites  with  reBpect  to  their  ability  to  withstand 
adverse  changes  in  the  osmotic  pressure  of  the  gradient  medium.  This 
problem  has  apparently  been  solved  by  adjusting  the  osmolarity  to  phys¬ 
iological  levels.  This  technique  provides  for  the  mass  isolation  of 
sporozoites  with  a  minimum  of  extraneous  debris  in  the  parasite  suspen¬ 
sion.  As  such  it  should  prove  invaluable  for  studies  requiring  large 
numbers  of  clean  sporozoites. 

U.  Cells  from  the  neonate  larval  stage  of  any  mosquito  species 
can  probably  be  placed  ic  culture  with  a  good  chance  of  surviving  and 
eventually  developing  into  a  cell  line.  The  intervau  between  initi¬ 
ating  the  primary  culture  and  the  first  subculture  iei*er.d6  upon  the 


mi 


length  of  time  the  larval  fragments  are  treated  with  trypsin  and  on  the 
adequacy  of  the  culture  medium.  More  emphasis  should  now  be  placed  on 
culturing  tissues  from  the  adult  insect  since  it  is  this  stage  which 
serves  as  a  vector  for  many  viruses  and  parasitic  protozoans. 
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23(U)  Study  susceptihility  of  chimpanzees  and  other  primates  to  infections  of  human 
malaria,  Study  the  characteristics  of  drug  resistant  strains,  provide  high  density 
of  parasites  for  morphological  and  biochemical  studies.  Conduct  piysdtiogical  and 
pathological  studies  of  malaria  and  provide  test  animals  for  chemotherapeutic  and 
immunological  investigations, 

2U(u)  Infect  splcnectomized ,  drug  treated  chimpanzees  and  other  primates  with  plasmodia 
of  human  origin.  Observe  the  extent  and, duration  of  parasitemias,  study  the  response 
qf  different  strains  to  chemotherapy,  study  susceptibility  to  reinfection  with 
homologous  and  heterologous  strains. 

25(U)  JO  07  *  71  06  Hematologic,  biochemical  and  parasitologic  parameters  of  Aotus 
trivirgatun  were  studied.  Serum  glutamic  oxaloacetic  transaminase  ond  glutamic  pyruvic 
transaminase  values  were  greater  than  those  previously  reported  for  man  or  old  world 
non-human  primates.  Thirty  percent  cf  serum  electrophoretic  patterns  had  double 
albumin  components.  Most  animals  had  high  olpha-2  globulin  levels.  No  natural 
malarial  infections  were  found,  but  some  monkeys  had  microfilariae  or  trypanosomes. 
Giardia  sp.  was  the  most  common  intestinal  parasite.  For  technical  reports  see 
Walter  Reed  Army  Institute  of  Research  Annual  Progress’ Report,  1  Jul  70  -  30  Jun  71. 
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Project  3A663713D829  MALARIA  PROPHYLAXIS 
Task  00,  Malaria  Investigations 

Work  Unit  127,  Test  systems  for  Plasmodium  falciparum 
Investigators 

Principal:  E.  H.  Sadun,  Sc.D.,  Lib.  Doc. 

Associate:  CPT  A.  J.  Johnson,  VC;  H.  R.  Langbehn;  J.  S.  Williams 

1.  Hematologic,  biochemical  and  parasitic  parameters  of  the  night 
monkey,  Aotus  trlvirgatus.  " 

The  reports  that  the  night  monkey,  Aotus  trlvirgatus ,  is  susceptible 
to  infection  with  human  Plasmodia  initiated  interest  in  this  animal  as  a 
model  for  experimentation  with  human  malarial  parasites.  Although  many 
laboratories  have  studied  Aotus  monkeys  in  various  aspects  of  malarial 
research,  little  information  has  been  published  until  recently  on  the 
normal  hematologic,  biochemical  or  parasitologic  parameters  of  these 
animals .  An  early  report  -of  hematologic  findings  in  a  few  Aotus  mon¬ 
keys  has  been  followed  by  more  substantial  hematologic  studies.  Some 
serum  and  red  blood  cell  biochemical  values  have  been  reported  and  a 
number  of  monkeys  have  been  exr -lined  for  naturally  occurring  malarial 
infections. 

This  report  compiles  hematologic,  biochemical  and  parasitologic 
observations  made  on  Aotus  monkeys  during  a  period  of  one  year. 

Animals 

The  Aotus  monkeys  used  in  this  study  were  imported  from  Colombia  j| 

and  quarantined  for  three  or  four  weeks  during  which  time  they  were  * 

tuberculin  tested.  After  quarantine  the  monkeys  were  transferred  to  a 
room  kept  at  a  temperature  of  80-85°F  and  were  maintained  on  a  diet  of 
monkey  chow  and  fresh  fruit  supplemented  three  times  a  week  with  live 
neonatal  mice.  Most  of  tue  monkeys  weighed  between  400  and  9G0  grams. 

At  least  two  definite  color  variations  were  seen  in  the  population,  the 
majority  being  light  to  dark  brown  with  a  white  underbelly  while  the 
major  variant  had  grey  to  black  coloring  with  a  yellow-orange  underbelly. 

The  range,  habitat,  snd  a  description  of  behavior  have  been  reported  by 
Napier  and  Napier. 

Collection  of  materials 

Blood  and  fecal  samples  from  apparently  healthy  adult  mJU“1s  were 
obtained  in  the  morning  and  all  hematologic  procedures  were  eomp.le''<d 
on  the  same  day.  Blood  obtained  from  tne  femoral  vein  was  mixed  with 
disodium  ethylenedlaminv tetraacetate  (EDIA)  for  hematologic  procedures. 

Scrum  was  collected  from  clotted  blood  and  frozen  at  -70®C  within  two 
hours  after  the  blood  samples  were  taken.  Thick  and  thin  blood  films 
were  a  lap  Ted*'  “rom  -'Hoh  animal . 
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Hematology 


Erythrocytes  and  leukocytes  were  counted  in  a  Neubaur  chamber  using 
Hayems  solution  as  diluent  for  erythrocytes  and  1%  acetic  acid  solution 
for  leukocytes .  The  microhematocrit  method  was  used  to  determine  packed 
cell  volumes.  Hemoglobin  concentrations  v ere  determined  by  the  cyan- 
methemoglobin  technique.  Reticulocytes  were  stained  with  brilliant 
cresyl  blue  by  mixing  two  drops  of  blood  with  two  drops  of  1%  stain  in 
saline  citrate.  After  10  minutes  of  staining  the  contents  of  the  tubes 
were  mixed,  blood  films  were  made  and  the  percent  of  reticulocytes  in 
1,000  RBC's  was  determined.  Platelet  numbers  were  determined  by  phase 
microscopy  according  to  the  method  of  Brecher  using  1 f>  ammonium  oxalate 
as  the  diluting  fluid.  Thin  blood  films  were  fixed  in  methanol  and 
along  with  thick  films  were  stained  with  Geimsa  stain.  Differential 
white  cell  counts  were  done  by  classifying  100  leukocytes  on  thin  blood 
films  stained  with  Wright's  stain.. 

Serum  chemistry 

Serum  glutamic  pyruvic  transaminase  (SGPT),  glutamic  oxaloacetic 
transaminase  (SGOT),  glucose,  and  total  protein  levels  were  determined 
by  the  ultramicro  methods  described  by  Williams  et  al.  Uric  acid  de¬ 
terminations  were  performed  by  an  ultramicro  modification  of  Carraway's 
method.  Levels  of  urea  nitrogen  were  determined  by  an  ultramicro  modi¬ 
fication  of  .the  urease  method.  Serum  electrophoresis  on  cellulose 
acetate  strips  was  performed  by  the  Beckman  Microzone  technique  using 
Beckman  B-2  buffer. 

Parasitology 

Two  hundred  oil  immersion  fields  of  Giemsa  stained  thick  blood 
smears  from  each  monkey  were  examined  under  oil  immersio..  for  natural 
blood  parasites. 

Fecal  samples  were  examined  in  saline  and  Lugol's  iodine  prepara¬ 
tions  and  by  the  formalin-ether  concentration  technique. 

All  values  are  results  from  individual  male  or  female  monkeys  and 
not  repeated  samplings  from  a  small  number  of  animals . 

Maintenance 


Aotus  monkeys  do  not  adapt  readily  to  captive  conditions  and  are 
known  to  be  susceptible  to  a  number  of  viral  agents,  at  least  one  of 
which  may  be  associated  with  exposure  to  man.  During  the  quarantine 
period  losses  averaged  35 %  of  the  monkeys  receiver  and  were  usually 
attributed  to  respiratory  tract  infections  in  which  pneumonoccal, 
streptococcal,  staphylococcal,  Klebsiella  and  Pasteurella  species 
have  been  isolated.  A  few  fatal  generalized  viral  infections  occurred 
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in  monkeys  in  which  1 utrar.uelear  inclusion  bodies  commensurate  with  those 
caused  by  herpes  vir  .  es  w er: .  observed.  After  the  quarantine  period 
losses  were  markedly  reduced  and  relatively  little  overt  disease  or 
mortality  occurred  in  our  laboratory.  The  introduction  of  a  more  cons¬ 
tant  heat  supply  may  have  in  part  accounted  for  the  improvement  in  the 
health  of  the  colony.  Newly  arrived  monkeys  avidly  consume  fresh  fruit 
and  most  of  them  eat  neonatal  mice  but  do  not  readily  accept  the  commer¬ 
cial  Purina  monkey  chow,  although  their  acceptance  of  this  food  increases 
gradually.  Monkeys  maintained  for  relatively  long  periods  (1-2  years) 
eat  the  monkey  chow  satisfactorily. 

Hematology 

The  data  obtained  from  monkeys  during  the  past  year  are  summarized 
in  Table  1.  In  general  our  results  agree  with  those  obtained  by  Porter 
for  Panamanian  monkeys  except  for  the  mean  erythrocyte  counts.  This  dif¬ 
ference  is  reflected  in  the  lower  mean  corpuscular  volume  reported  in 
our  data  when  compared  to  that  reported  from  the  Panamanian  monkeys. 

Since  hematocrit  values  were  similar  in  both  groups,  this  difference  is 
probably  due  to  variation  in  RBC  counting  techniques  between  the  two 
laboratories  rather  than  a  real  difference  in  cell  volume.  Reticulocytes 
were  commonly  found,  although  nucleated  red  blood  cells  were  seldom  seen 
in  the  peripheral  blood.  Platelet  numbers,  which  had  a  fairly  wide  range, 
were  in  agreement  with  those  previously  reported.  Total  leukocyte  counts 
were  similar  to  those  reported  for  monkeys  maintained  in  the  laboratory 
for  a  period  of  one  to  two  years.  Polymorphonuclear  neutrophils  were 
ustially  present  in  the  highest  percentage  and  they  often  contained  hyper- 
segmented  nuclei.  A  relatively  large  percentage  of  eosinophils  was  found 
in  many  monkeys  with  the  upper  limit  of  the  range  reaching  37$*  The  mean 
values  are  somewhat  higher  than  those  previously  reported,  although 
Porter's  values  for  monkeys  newly  arrived  at  the  laboratory  ranged  to 
19$.  Whether  these  high  percentages  of  eosinophils  are  a  reflection  of 
a  disease  process  is  not,  known.  Basophils  were  found  only  rarely.  Cells 
of  the  lymphocytic  and  monocytic  series  were  combined  under  the  heading 
of  mononuclear  lymphoid  cells.  Small  lymphocytes,  many  displaying  promi¬ 
nent  stippling,  were  the  predominate  ceil.  Large  mononuclear  cells  were 
extremely  fragile  and  were  often  ruptured,  making  differentiation  diffi¬ 
cult.  However,  it  appeared  that  mature  monocytes  were  present  at  low 
levels . 

Serum  proteins 

'Hie  results  of  total  protein  and  electrophoretic  determinations  are 
listed  in  Table  2.  The  serum  of  thirty  p-'ce^nt  ^33  of  110)  of  the  mon¬ 
keys  possessed  a  definite  double  or  split  albumin  band  on  electrophoretic 
patterns  (Fig.  l) .  This  Men Ibumiremia  is  a  rare  genetic  trait  in  man 
although  some  lower  animals  frequently  have  albumin  polymorphisms.  No 
reference  to  this  oecurron-'o  auli  bo  found  for  sub-human  primates. 


Relatively  high  levels  of  alpha-2  globulins  were  found  in  most  Aotus 
monkeys  and  in  general  the  amount  of  total  globulins  was  greater  than 
albumin.  As  Bier  suggests,  the  low  albumin  and  high  globulin  levels 
found  in  monkeys  in  captivity  may  reflect  the  relatively  poor  adaptation 
to  cage  life. 


TABLE  1 

Htmitologic  finding!  in  Aotus  monkiyt 


Numbar 

animals 

Maan 

SO.* 

Madian 

Rang# 

RBC  f/cu  mm3) 

167 

617 

1.84) 

6.04 

3.60-  7  74 

PCV  |%) 

167 

42.0 

16.4) 

42.0 

31.0  -66  0 

Hamoglnbin  (gfc) 

60 

14.3 

(1.1) 

14.2 

11.8  -16.0 

Raticulocytss  (%i 

78 

2.4 

(1.7) 

23 

0.1  -106 

MCV  Ip3) 

167 

82.4 

(1181 

81.6 

61  7  -118.4 

MCH  Ipicograms) 

60 

26.8 

(3.1) 

26.6 

21.7  -37.7 

MCHC  1%) 

60 

34.1 

(3.1) 

34.3 

28.6  -38.4 

Ptatalsti  (103x/cu  mm) 

63 

387.1 

(108.4) 

3800 

204  -  734 

WBC  (lO^/cu  mm) 

167 

12.7 

14.7) 

11.7 

3.2  -28.6 

DiHsrantial  <%l 

Nauirophilt 

167 

66.4 

(7.6) 

66.0 

13-81 

Eosinophils 

167 

8.6 

19.2) 

7.0 

0-37 

Mononudsar 

lymphpid 

167 

36.6 

(18.3) 

36.0 

6-80 

Baatehiit 

167 

a  0.1 

- 

80 

•-1 

‘Standard  daviatton 

TABU  2 

Samm  pro  trim  If/100  mil  of  Aotus  monkoyi 

Numbar 

animals  Maan 

(8.0.) 

Mad  tan 

Rangs 

Total  protain 

76 

7.0 

(1.2) 

70 

4.8-10  3 

Albumin 

78 

2.7 

(0.71 

2.7 

1.2-  4.2 

Alpha- 1  globulins 

78  0.3 

(0.1) 

0.3 

0  2-  0.6 

Alpha-2  globulins 

78 

1.3 

(OJ) 

1.3 

0.7-  2.4 

Bata  globulins 

78 

1.0 

(0  2) 

0.8 

OO-  1.6 

Gamma  globulins 

78 

1.8 

10.8) 

1.7 

1.0-  2.9 
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Serum  chemical  values 


Since  only  microliter  amounts  of  serum  are  needed  to  perform  analysis 
by  the  ultra-micro  method,  individual  sera  could  be  assayed  without  test¬ 
ing  sera  pooled  from  several  animals  or  of  severely  stressing  the  individual 
monkeys  by  excessive  bleeding.  The  results  of  serum  chemical  tests 
(Table  3)  show  thau  both  SGOT  and  SGPT  levels  were  elev&ted  when  compared 
to  values  obtained  for  man  or  old  world  primates  in  our  laboratory  by  the 
same  procedures.  Other  authors  *ave  noted  increased  levels  of  transam¬ 
inases  in  the  serum  of  Aotus  as  well  as  other  new  world  monkeys.  Whether 
these  higher  enzyme  levels  are  a  genetic  trait  or  are  a  result  of  infec¬ 
tions  or  other  stress  factors  brought  about  by  captivity  is  not  known. 

Urea  nitrogen  values  were  consistent  within  a  relatively  short  .range, 
while  uric  acid  values  were  found  at  low  levels  except  in  a  few  animals. 


from  4  monkeys  which  have  double  albumin 
component!  (see  arrows).  US  Army  photograph. 


TABLE  3 


Strum  chtmictl  vtlutt  of  Aotut  monkeys 

Number 

animal* 

Mean 

IS.D.I 

Median 

Range 

Traraamineu* 

SGOT 

75 

153 

(711 

131 

49-323 

SGPT 

75 

47 

(33) 

39 

31-121 

Urea  nitrogen  mg% 

se 

14 

(  3) 

13 

7-26 

Uric  acid  mg% 

58 

0.5 

(0.41 

0.3 

9-2 

Glucoae  mg% 

43 

111 

140) 

106 

27-220 

*  Rtitm*n  Fr»nfc»l  Umit 


* 
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Glucose  levels  were  similar  to  those  previously  reported  1'or  Aotus 
and  other  new  world  monkeys . 

Parasitology 

No  naturally  occurring  mtlarial  parasites  were  found  in  any  of  the 
l8l  monkeys  examined.  This  finding  agrees  with  other  results  with 
Panamanian  monkeys  and  Colombian  monkeys.  Serum  from  normal  Aotus  monkeys 
did  not  react  with  malarial  antigens  in  either  the  indirect  fluorescent 
antibody  test  or  a  micro  hemagglutination  test.  Microfilariae,  however, 
were  found  in  2  monkeys.  One  trypanosome  was  found  in  the  blood  of  each 
of  two  monkeys  and  repeated  examination  of  blood  smears  obtained  from 
these  animals  failed  to  reveal  other  trypanosomes.  The  incidence  of 
trypanosomiasis  is  probably  greater  than  that  observed  considering  the 
small  numbers  of  trypanosomes  detected  in  the  peripheral  blood  of  these 
monkeys . 

The  results  of  stool  examinations  of  60  Aotus  monkeys  are  shown  in 
Table  4.  The  most  commonly  found  protozoan  was  Giardia  sp.  Six  of  the 
nine  monkeys  harboring  nematodes  were  infected  with  pinworms  and  stools 
from  the  other  three  animals  contained  a  hookworm- like  egg  measuring 
approximately  44  x  77  microns.  Stools  from  two  monkeys  contained 
operculated  .trematode  eggs  approximately  l8  x  29  microns  in  size.  A 
fluke  identified  as  Athesmia  foxl  was  found  in  a  bile  duct  in  a  histo¬ 
logical  section  of  liver  from  one  monkey.  Cestode  eggs  were  found  in 
the  feces  of  one  monkey.  No  eggs  or  parasites  were  seen  in  the  stools 
of  16  monkeys. 


TABLE  4 


Intestine!  parasites  of  60  Aotus  monkeys 


Protozoa 

Numbar  infactad 

Gierdii  sp. 

27 

Trichomonas  sp. 

7 

Fn t amoeba  sp. 

7 

lodamoeba  sp. 

1 

Chilomestix  sp. 

1 

Fndolimax  sp. 

1 

Unclassified 

2 

Halminth  tons 

Ntm*tod*i 

8 

Trtmaiodtt 

2 

Ctstodai 

1 
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23(u)  To  evaluate  the  role  of  humoral  and  cellular  factors  in  determining  succepttbili t 
of  hosts  to  malaria,  for  the  maintenance  of  the  complete  life  cycle  of  malaria  in  the 
laboratory,  to  find  a  laboratory  animal  suitable  for  the  production  of  large  amounts  oi 
infected  blood  for  immunological  and  biochemical  studies. 

2b (U)  To  test  a  variety  of  rodent  species  for  natural  susceptibility  to  P.  bergbei. 
Attempt  to  increase  susceptibility  by  splenectomy  and  chemical  treatment.  Standardize 
the  course  of  infections  quantitatively.  Evaluate  the  mechanism  of  antibody  action  on 
host  and  parasite,  and  characterize  antibodies  responsible  for  these  activities.  Study 
the  effects  of  antibody  on  the  parasite  and  on  the  host. 

25(u)  70  07  -  71  OA  Since  irradiated  Plasmodium  berghei  infected  erythrocytes  stimulate 
a  strong  protection  to  challenge  in  mice,  experiments  are  in  progress  to  isolate  a 
protective  substance  from  infected  erythrocytes.  Results  to  date  indicate  that  neither 
irradiated  parasitized  cells  subjected  to  20,000  lbs.  sq.  in.  pressure  in  a  French  prai; 
nor  irradiated  parasitized  cells  frozen  and  thawed  3  times  in  a  carbon  dioxide-ethanol 
bath  can  stimulate  a  protective  immunity.  For  technical  reports  see  Walter  Reed  Army 
Institute  of  Reserach  Annual  Progress  Report.  1  Jul  70  -  30  Jur.  71. 
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Project  3A663713rQ29  MALARIA  PROPHYLAXIS 
Task  00,  Malaria  Investigations 

Work  Unit  128,  Natural  and  acquired  immunity  in  rodent  me lari a 
Investigators 

Principal:  E.  H.  Sadun,  Sc.D.,  Lib.  Doc. 

Associate:  LTC  C.  L.  Diggs,  M2;  CFT  R.  0.  McAlister,  MSC;  B.  T.  Wellde 
1.  Isolation  of  protective  antigens  from  irradiated  Plasmodium  berghei 

Since  irradiated  Plasmodium  berghei  infected  erythrocytes  stimulate 
a  strong  protection  to  challenge  in  mice,  experiments  are  in  progress  to 
determine  whether  a  protective  substance  can  be  isolated  from  the  infected 
erythrocytes.  Results  to  date  show  that  neither  irradiated  parasitized 
cells  subjected  to  20,000  lbs./sq  in.  in  a  French  press  nor  parasitized 
cells  frozen  and  thawed  3  times  in  a  Cog-ethanol  bath  can  produce  a  pro¬ 
tective  immunity. 
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23 (U)  To  study  the  physiological  pathology  of  malaria  including  the  enhancement  of 
non-specific  resistance  to  infection  and  to  determine  how  energy  requirements  are 
met  within  the  parasite. 

24(u)  Study  the  effect  of  infection  on  the  uptake  ar.d  distribution  of  radiosotope- 
labelled  amino  acids,  study  the  levels  of  enzyme  activity  in  tissue  extracts  and 
alterations  in  protein  and  free  amino  acid  contituents  of  blood  and  urine,  study  the 
development  of  relapses,  and  the  pattern  of  parasitemias  and  fluorescent  antibodies 
prior  to,  during,  and  following  “-herapy.  Investigate  the  use  of  immune  gamma 
globulins  as  an  adjuvant  to  chei.  jtherapy  in  humans  infected  with  drug  resistant 
malaria. 

25(U)  70  07  -  71  06  Irradiate!  blood  forms  of  Plasmodium  falciparum  were  used  to 
immunize  Aotur.  trivirgatus  mot  Keys.  Control  animals  developed  a  pe.rasitcm.ia  ty  the 
fourth  Jay  and  all  lied  of  maluria  by  the  eieventn  day.  Of  th-  immunized  animals, 
one  never  became  patent.  One  became  patent,  on  the  fourth  Jay  and  had  a  :cu  .trade 
parasitemia  for  50  days  and  none  thereafter.  Another  became  patent  on  l he  fourth  Jay 
with  a  gradually  increasing  parasitemia  until  death  from  malaria  rn  the  i7th  day. 

For  technical  report  see  Waiter  Peed  Army  Institute  of  Research  Annual  Progress 
Report,  1  Jul  70  -  *0  Jun  71. 
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Project  3A663713D829  MALARIA  PROPHYLAXIS 
Task  00,  Malaria  Investigations 
Work  Unit  1?9»  Host  responses  to  malaria 
Investigators 

Principal:  E.  H.  Sadun,  Sc.D. ,  Lib.  Doc. 

Associate:  CPT  J.  S.  Anderson,  VC;  LTC  C.  L.  Diggs,  NC;  B.  T.  Wellde 
1.  Resistance  in  owl  monkeys  Injected  with  Plasmodium  falciparum 

An  acquired  resistance  to  homologous  infection  with  P.  falciparum 
developed  in  owl  monkeys  after  4. weekly  immunizations  with  irradiated 
malaria  parasites.  Recent  experiments  were  conducted  to  extend  these 
findings  and  to  determine  whether  the  immunization  process  with  irrad¬ 
iated  blood  forms  of  P.  falciparum  produced  detectable  disease  in  the 
animal. 

Two  of  five  monkeys  receiving  the  irradiated  parasites  died  during 
the  immunization  period.  These  monkeys  developed  progressive  weakness, 
anorexia,  anemia,  leucopenia,.  and  thrombocytopenia,  but  no  parasitemia. 

The  three  remaining  immunized  animals  and  five  control  monkeys  were 
given  challenge  infections  with  blood  forms  of  P.  falciparum  (Camp  strain). 
All  of  the  control  animals  developed  a  parasitemia  on  the  4th  day  and  all 
died  of  malaria  by  the  11th  day.  The  immunized  monkeys  had  varying  de¬ 
grees  of  resistance.  One  animal  never  became  patent;  a  second  became 
pa cent  on  the  4th  day  and  had  a  low  grade  parasitemia  for  50  days  and 
no  parasites  thereafter,  and  a  third  also  became  patent  on  the  4th  day 
with  a  progressively  increasing  parasitemia  and  died  on  the  37th  day 
after  challenge. 
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23.  (U)  -  Study  pathophysiology  of  acute  falciparum  and  vivax  malaria,  assess  various  modes  of 
ant.malaria)  therapy  with  respect  to  clinical  responses  and  radical  care. 

24.  (U)  -  Document  clinical  features  of  acute  disease,  evaluate  available  therapeutic  agents  with 
respect  to  clinical  response  arid  radical  cure,  provide  surveillance  for  toxicity  and  efficacv 
testing  of  new  antitnalarial  agents  by  government  contractors,  provide  expert  consultation  or. 
treatment  of  resistant  falciparum  infections  and  secure  new  strains  of  malaria  for  introduction 
into  the  volunteer  test  program. 

25.  (U)  70  07  -  71  06,  A  total  of  12  patients  at  Walter  Reed  neral  Hospital  with  leenidesccnf 
falciparum  malaria  have  now  been  treated  with  WR  33063.  A!1  were  cured  despite  repeated  drug 
failures  with  previous  courses  of  all  standard  antitnalarial  agents.  A  preliminary  field  trial  of 
this  drug  has  recently  been  completed  in  Vietnam  in  25  patients  with  acute  falciparum  malaria. 
Preliminary  results  suggest  that  this  drug  is  without  significant  side  effects  and  more  effective 
than  any  single  agent  presently  in  use  for  treatment  of  drug- resistant  infection  Item  5.  Li.  Asia. 
WR-30090  ha  it  been  similarly  used  at  Walter  Reed  General  Hospital  in  4  patients  and  2o  patients 
in  Vietnam.  This  new  drug  is  also  superior  to  any  single  agent  available  in  Vietnam  and  is  near  ¬ 
ly  as  effective  is  WR  33063.  One  new  strain  of  resistant  falciparum  malaria  from  '.'amhodia  has 
beer,  introduced  into  the  testing  program.  ’  oi  technical  reports  see  Walter  Rgi  d  ,-mv  Institute 
of  Research  Annual  Progress  Report,  1  lul  70  -  30  jun  71. 
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Project  3A663713D829  MALARIA  PROPHYLAXIS 


Task  00,  Malaria  Investigations 

Work  Unit  132,  Clinical  studies  of  human  malaria 

Investigators. 

Principal:  LTC  Craig  J.  Canfield,  MC 
Associate:  LTC  Anthony  P.  Hall,  MC 


Description. 


The  objective  of  this  work  unit  is  to  assess  the  clinical  state  and  therapeutic  re¬ 
sponse  of  patients  to  acute  falciparum  and  vlvax  malaria,  provide  surveillance 
for  to:  icity  and  efficacy  testing  of  new  antimalarial  agents  by  contractors,  pro¬ 
vide  expert  consultation  on  treatment  of  resistant  falciparum  infections,  and  se¬ 
cure  new  strains  of  malaria  for  introduction  into  the  volunteer  test  program.  In 
addition,  the  various  aspects  of  the  pathophysiology  of  the  disease  have  been 
studied. 


Progress. 

Admissions  to  Walter  Reed  General  Hospital  for  acute  malaria  infections  have 
continued  in  small  numbers  and  a  variety  of  therapeutic  regimens  have  been  em¬ 
ployed  to  supplement  prison  volunteer  drug  evaluation. 


a.  P.  vivax.  Results  of  previous  evaluations  on  the  response  of  vivax  ma¬ 
laria  to  suppressive  amounts  of  chloroqulne  (300  mg  base)  were  published. 1 


b.  P.  falciparum.  Results  of  various  treatment  regimens  used  in  Vietnam 
for  drug-resistant  falciparum  malaria  and  complications  of  the  disease  were 
assessed  and  published. 2 


Results  of  a  field  trial  in  Vietnam  and  the  experience  at  Walter  Reed 
General  Hospital  in  the  treatment  of  patients  wiui  recrudescent  falciparum  ma¬ 
laria  with  trimethoprim/sulfalene  were  tabulafc-d  and  published.  ^  Although  this 
combination  of  drugs  has  a  rapid  schizontlcidal  action,  the  cure  rate  was  only 
aLout  75  per  cent.  However,  they  are  useful  in  some  patients  who  have  failed 
to  respond  to  standard  antimalarial  drugs. 


A  total  of  12  patients  with  recrudescent  falciparum  malaria  has  now 
been  treated  at  Walter  Reed  General  Hospital  with  WR-33063.  All  were  cured. 
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This  new  agent  has  also  been  evaluated  in  Vietnam  in  25  patients  with  acute  ma¬ 
laria.  There  was  one  R-l  response  and  one  R-2  response  with  an  overall  cure 
rate  of  92  per  cent.  Speed  of  action  was  remarkable.  The  average  interval  for 
the  patients  to  become  afebrile  was  48  hours  (compared  with  70  hours  for  the 
combination  of  quinine,  pyrimethamine  and  dapsone).  There  were  no  side  ef¬ 
fects. 


Four  patients  with  recrudescent  falciparum  malaria  have  been  treated 
at  Walter  Reed  General  Hospital  with  WR-30090.  All  were  cured.  This  drug 
has  also  been  evaluated  in  Vietnam  in  26  patients  with  acute  falciparum  malaria. 
There  were  three  R-l  responses  with  an  overall  cure  rate  of  88  per  cent. 

Speed  of  action  was  somewhat  slow,  80  hours  to  become  afebrile.  Side  effects 
were  insignificant. 

Previous  work  on  the  erythrokinetic  response  of  patients  with  acute 
falciparum  malaria  was  published. 4  Patients  with  acute  malaria  who  are  anemic 
should  probably  receive  folinic  acid  concurrently  with  standard  antimalaria  drug 
therapy  which  includes  pyrimethamine  to  hasten  hematologic  recovery. 
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1.  TECHNICAL  OBJECTIVE,*  14  APPAOACM,  <4  PNO«At»  (Pumiah  IimBWMmI  pa,  attach  a  I4amlltla4  Mr  riaaha,  P r*«JP*  i 

23.  (U)  Tn  study  metabolic  pathways  in  malarial  parasites  maintained  in  vitro.  To 
isolate,  purify  and  identify  by  chemical,  physical  and  morphologic  means  the  sub- 
cellular  components  of  the  malarial  parasites,  including  cellular  localization  of 
anti-malarial  drugs. 

24.  (U)  Biophysical,  biochemical  and  morphologic  techniques  are  employed. 

25.  (U)  70  07-71  06  The  experimental  pathology  of  infections  with  Plasmodium 
falciparum  in  the  owl  monkey,  Aotus  trivirgatus,  is  described  by  Doctor  KeTen  Jervis 
in  a  joint  jtudy  carried  out  with "the  Division  of  Medical  Zoology.  This  work  is  at  the 
manuscript  stage.  The  studies  of  lipid  metabolism  in  Plasmodium  knowlesi  carried  out 
in  this  department  during  the  past  two  years  have  alsoTeen  compTetecTanl  are  described 
in  three  manuscripts,  the  first  of  which  has  been  submitted  for  publication.  The 
titles  of  these  papers  are  as  follows:  "Incorporation  of  33P-orthophosphat.e  into 
membrane  phospholipids  of  Plasmodium  knowlesi  and  host  erythrocytes  of  Macaca  mulatta," 
by  R.C.  Rock,  J.  Standefer  and  W.  Little;  "Incorporation  of  1 4C - 1  abel le?”‘non-l TpT3 
precursers  into  lipids  of  Plasmodium  knowlesi  in  vitro,"  by  R.  C.  Rock;  and 
"Incorporation  of  14C-labelled  fat£7  acids  into  lipids  of  Rhesus  erythrocytes  and 
Plasmodium  knowlesi  in  vitro,"  by  R.  C.  Rock.  Our  studies  have  been  directed  towards 
working  out "the  Interrelationships  between  the  extremely  active  lipid  biosynthetic 
activities  of  Plasmodium  knowlesi  and  the  . 'datively  limited  lipid  metabolism  of  its 
host  erythrocyTe?  For  technical  reports,  see  Walter  Retd  Army  Institute  of  Research 
Annual  Progress  Report,  1  Jul  70-30  oun  71. 
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Project  3A663713P°99  MALARIA  PROPHYLAXIS 
Task  00  Malaria  Investigations 

Work  Unit  135  Experimental  pathology  and  metabolism  of  plasmodia 
Investigators. 

Principal:  COL  Helmuth  Sprinz,  MC 
Associate:  MAJ  Robert  C.  Rock,  MC 

Problem 


Details  of  the  lipid  metabolism  of  malarial  parasites  are  largely  unknown 
and  yet  lipids  form  an  Indispensable  component  of  every  living  cell 
including  plasmcdia.  If  we  could  devise  techniques  to  separate  parasite 
from  host  cell  lipid  In  sufficient  purity  and  amounts,  we  would  then  be 
in  tht  position  to  analyze  and  compare  the  lipid  constituent  classes. 

We  could  then  gain  an  idea  of  the  kinetics  of  lipid  synthesis  In  the 
parasite, of  the  sequence  of  metabolic  steps  In  parasite  lipid  metabolism, 
and  to  which  extent  complete  lipids,  lipid  precursors  and  lipid  building 
blocks  are  furnished  by  the  host  plasma,  by  the  host  erythrocyte  or 
synthesized  by  the  parasite  itself.  If  we  could  gain  this  Information 
and  unravel  the  pathways  of  lipid  metabolism  of  the  intra -erythrocytic 
parasite,  we  hope  to  block  a  vital  enzymatic  step  of  lipid  synthesis 
within  the  parasite  end  abort  the  infection  by  a  specific  agent. 

Background 

Our  earliest  ultrastructural  studies  of  plasmodia  convinced  us  that 
lipid  containing  membranes  and  organelles  were  extremely  rapidly 
synthesized  and  transformed' »2, 3,  we  then  set  out  by  a  combined 
biophysical,  biochemical  and  electronmicroscopic  study  to  isolate  lipid 
components  of  the  parasite.  This  proved  to  be  a  formidable  undertaking 
which  eventually  was  crowned  with  success.  In  fact,  we  were  able  to  _ 
further  refine  our  methodology  subsequently  by  arduous  experimentation.5 
To  the  best  of  our  knowledge  tne  parasite  separation  and  lipid 
extraction  procedures  are  the  most  accurate  available  at  this  moment. 


The  next  task  of  great  complexity  was  the  quantitative  analysis  of 
relatively  minute  samples  of  purified  parasite  lipid.  This  effort 
eventually  was  also  crowned  by  success  by  a  combi nedanalytic  chemical 
and  biochemical  approach.6  We  were  greatly  helped  in  our  lipid  research 
methodology  by  the  3  month  visit  of  Doctor  Rokus  A.  de  Zeeuw,  State 
University,  Groningen,  The  Netherlands.7  Doctor  de  Zeeuw  is  an  expert 
in  analytical  chemistry  and  he  in  turn  obtained  the  advice  of 
Professor  van  Deenen,  State  University,  Utrecht,  The  Netherlands. 
Professor  van  Deenen  is  considered  the  foremost  authority  on  lipids  In 
the  world  today.  It  has  been  very  reassuring  to  us  that  parasite  lipid 
analysis  performed  independently  by  Doctor  de  Zeeuw  in  Groningen  gave 
results  identical  to  those  obtained  by  Major  Rock  at  WRAIR.  In  order 


to  assure  the  widest  possible  dissemination  of  our  results,  it  was 
decided  to  submit  the  main  body  of  our  results  to  the  Journal  of 
Comparative  Biochemistry  and  Physiology.  This  journal  is  critically 
edited  and  has  an  international  reputation.  Unfortunately,  there  is  a 
delay  of  nearly  one  year  between  acceptance  jid  publication.  For  this 
reason,  out  of  the  four  papers  submitted  and  accepted  for  publication 
only  one  so  far  has  appeared  in  print  and  will  be  discussed  more  fully 
under  Results.  In  addition,  a  fifth  paper  dealing  with  biophysical 
properties  of  plasmodial  ribosomes  has  been  accepted  for  publication 
by  the  same  journal.  The  papers  in  press  are  listed  as  references 
8,  9,  10,  and  11. 

Results 


We  suspected  that  differences  in  lipid  composition  would  exist  between 
the  parasite  and  its  host  red  cell.  The  results  of  our  worx  proved  our 
hypothesis; 

1.  Plasmodium  know! esi  has  significantly  more  phospholipid  and 
less  cholesterol  (Phospholipid:  cholesterol  ratio  =  5.2)  than  the  host 
erythrocyte  membranes  of  the  Rhesus  monkey  (phospholipid):  cholesterol 
ratio  *  2.15). 

2.  Although  both  parasite  and  host  red  cell  have  the  same  major 
phospholipid  components  (Phosphatidylcholine  and  phosphatidyl  ethanol  amine) 
other  phospholipids  differ  significantly. 

3.  The  red  cell  contains  12-14  per  cent  sphingomyelin  and  12  per 
cent  phosphatldylserine,  whereas  the  parasite  contains  only  2-3  per  cent 
sphingomyelin,  8-10  per  cent  phosphatidyl inositol ,  and  bcrely  detectable 
levels  of  phosphatidyl  serine. 

Due  to  the  departure  of  the  principal  and  the  associate  investigator  our 
research  had  to  stop  at  a  point  where  we  were  beginning  to  elucidate 
the  Interrelationships  between  the  extremely  active  lipid  biosynthetic 
activities  of  the  malarial  parasite  and  the  relatively  limited  lipid 
metabolism  of  its  host  erythrocyte.  While  in-house  research  under  work 
unit  135  has  been  discontinued,  it  is  fortunate  that  we  will  be  able  to 
assist  Doctors  Aikawa,  Cook,  Rock  and  de  Zeeuw  who  will  be  carrying  on 
the  research  extramural ly. 

In  conclusion,  in  a  few  short  years  research  performed  under  this  work 
unit  has  achieved  International  acclaim.  A  number  of  promising  researchers 
were  enticed  to  explore  the  experimental  pathology  of  malaria.  In  alpha¬ 
betical  order  they  are:  Aikawa,  Cook,  Hepler,  Jervis,  Ladda,  MacCallum, 
MacComber,  Sesta  and  Terzakls.  None  had  any  significant  exposure  to 
malaria  research  before  they  came  to  WRAIR,  but  a  modern  history  of 
malaria  research  cannot  be  written  without  taking  cognizance  of  their 
contributions. 
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23.  (U)  -  Document  metabolic  alterations  of  human  and  animal  red  blood  cells  when 
infected  with  malaria  parasites  aid  to  assess  the  effect  of  antlmalarlal  drugs  on  these 
alterations  in  order  to  develop  new  drugs  effective  against  resistant  falciparum 
malaria. 

24.  (U)  -  Measure  the  effect  of  antlmalarlal  drugs  on  morphologic  growth,  lactate 
production,  14-C  methionine  or  14-C  orotic  acid  Incorporation  during  in  vitro 
schizogony  and  observe  utilization  of  metab-lic  precursors  of  nucleic  acids:  to 
measure  folic  acid  reductase  in  parasite  suspensions, 

25.  (U)  70  07  -  71  06  In  vitro  culture  of  P.  knowlesl  parasites  has  continued.  Using 
14-C  orotic  acid  incorporation  into  DMA  os  a  sensitive  indicator,  known  and  candidate 
antlmalarlal  drugs  and  derivatives  and  analogues  of  them  have  been  tested  for  antlfol 
activity.  In  tills  system,  the  hydroxylamine  derivative  of  DOS  evidenced  the  same 
activity  as  the  parent  antimalurial  drug,  PDS . 

Drug  synergism  is  being  investigated.  Combinations  of  oulfalene  and  trimethoprin 
have  shewn  potentiation  of  the  in  vi_cro  antifol  activities  of  these  drugs,  while 
combinations  of  quinine  and  chloroquin  have  shown  only  additive  effects.  These  findings 
correspond  to  those  expected  on  the  basis  of  theory  and  clinical  experience  and  suggest 
that  this  system  may  yield  information  useful  in  prediction  of  potentiating  drug 
combinations  for  clinical  applications  in  treatment  oT  malaria.  For  technical  report 
see  Walter  Reed  Army  Institute  of  Research  Annual  Progress  Report,  1  Jul  70  -  30  Jun 
71, 
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Project  3A663713D829  MALARIA  PROPHYLAXIS 
Task  00,  Malaria  Investigations 

Work  Unit  136,  Metabolic  and  enzymatic  studies  of  normal  and  malaria 
infected  red  cells 


Investigators. 

Principal:  LTC  Craig  J.  Canfield,  MC 

Associates:  Gerald  J.  McCormick,  Ph.D.;  Esther  P.  Jordan,  Ph.D. 
and  Gloria  P.  Wlllet 


Description. 

Ihe  objective  of  this  work  unit  is  to  study  metabolic  pathways  of 
the  host  red  blood  cell  -  parasite  complex  and  to  assess  the  effect 
of  antimalarial  drugs  on  these  pathways  in  order  to  develop  new  drugs 
effective  against  resistant  falciparum  malaria. 

Progress, 

A  description  of  the  in  vitro  P.  know leg i  malaria  system  has  been 
published  (1).  In  this  system,  young  ring  forms  of  the  parasite 
develop  into  mature  schizonts  during  18-20  hours  of  incubation  in  a 
nutrient  medium.  Dose  response  curves  of  known  antimalarial.  drugs 
were  obtained  using  as  parameters  morphologic  change,  production  of 
lactic  acid  and  incorporation  of  15C-methionine  into  protein. 

The  in  vitro  system  is  being  used  in  the  Investigation  of  anti-folic 
acid  acitivity  of  drugs,  based  upon  the  inhibition  of  incorporation  of 
14C-orotic  acid  into  DNA  during  the  incubation.  Known  and  candidate 
antimalarial  drugs  have  been  tested.  In  this  system,  the  hydroxy lamine 
derivative  of  DDS  evidence  the  same  activity  as  the  parent  antimalrlal 
drug.  During  studies  of  the  mode  of  action  of  antifols,  it  was  found 
that  both  folic  and  foliuic  acids,  while  stimulating  14C-orotic  acid 
incorporation  at  lower  concentrations,  were  inhibitory  at  high  concen¬ 
tration  (0.2  mM) ,  folinic  acid  being  the  more  inhibitory.  In  studies 
with  drug  WR  40070,  structurally  related  to  but  less  effective  than 
pyrimethamine  as  an  inhibitor  in  tnia  system,  both  folic  and  folinic 
acids  reduced  the  drug's  inhibition  by  50Z  when  present  in  equimolar 
concentration  to  a  100X  inhibitory  drug  concentration  (5  x  10_3nM) . 
Since  in  previous  studies  folic  and  folinic  acids  had  little  or  no 
effect  against  pyrimethamine,  this  result  suggested  that  differences 
in  deg  »  or  mode  of  activity  of  drugs  of  this  type  may  be  studied 
with  th.  system. 
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Application  of  the  in  vitro  system  to  the  study  of  synergism  between 
drugs  has  received  considerable  developmental  work.  Potentiation  of 
effect  has  been  demonstrated  with  combinations  of  sulfalene  and 
trimethoprim,  whiie  quinine  and  chloroquln  showed  only  additive  effects. 
These  results  correspond  to  those  expected  on  the  basis  of  theory  and 
clinical  experience  and  suggest  that  this  in  vitro  system  may  yield 
Information  useful  in  prediction  of  potentiating  drug  combinations 
for  clinical  applications.  Combinations  of  other  drugs  are  being 
tested. 

5-Fluor-orotlc  add,  previously  found  to  be  an  effective  inhibitor  in 
the  P.  knowlesi  in  vitr  >  system,  was  found  to  be  effective  in  vivo 
against  P.  berghel  in  mice.  Single  doses  at  20  to  640  mg/kg  body 
weight  extended  the  average  life  .in  groups  of  infected  mice  from  7 
days  (untreated)  to  16  to  20  days.  Drug  toxicity  was  seen  at  1280 
mg/kg. 

Investigation  of  2,3-diphosphoglycerate  levels  in  ted  blood  cells  of 
jP.  knowleg 1-inf ected  Rhesus,  nonkeys  continues .  The  two-fold  elevation 
of  infected  levels  over  uninfected  control  levels  was  not  significantly 
different  from  the  elevation  found  in  anemic  uninfected  animals.  Effect 
of  chloroquln  treatment  of  the  animals  is  being  studied.  Studies  of 
possible  correlation  between  2,3-DPG  levels  and  hemoglobin  oxygen 
affinities  are  planned. 

A  previously  comp.'  -ted  investigation  of  sodium  transport  was 
published  (2) 
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23.  (U)  The  technical  objective  is  to  develop  and  to  exploit,  animal  models  for  the 
study  of  the  pharmacodynamic  and  toxic  effects  of  drugs  intended  for  use  as  antimalari- 
als  in  man.  The  intended  purpose  of  these  studies  is  to  provide  a  basis  for  predicting 
the  response  of  soldiers  to  antimalarlals  in  a  milit-ry  environment  and  to  fulfill  re¬ 
quirements  for  submission  of  IND  for  clinical  trials  of  new  antimalarlals . 


2ii .  ( CJ)  The  approach  will  be  to  study  the  effects  of  antimalarlal  drugs  in  healthy  ani¬ 
mals  and  to  study  the  handling  of  antimalarlal  drugs  in  healthy  animals  in  order  to 
predict  the  human  tolerance  to  new  drugs  '(Phase  I).  The  effects  of  antimalarlal  drugs 
in  diseased  or  injured  animals  will  bo  studied  in  order  to  determine  the  effect  of  the 
drugs  on  disease  and  injury.  The  handling  of  antimalarlal  drugs  by  diseased  and  in¬ 
jured  animals  will  bo  studied  in  order  to  determine  the  effect  of  disease  or  injury  upon 
pharmacokinetics  in  order  to  predict  the  tolerance  of  now  ant  imalarJ.al  drugs  in  human 
efficacy  studies  (Phase  II). 

25.  (U )  70  07  -  71  06.  Pharmacokinetics  of  four  new  phonanthrene  methanol  antimalarlals 
has  been  described  in  healthy  rodents.  Rodent  malaria  modol3  ar*-  ceing  tested  for 
applicability  to  the  study  of  pharmacodynamics  and  pharmacokinetics  of  new  antimalarlals 
in  the  disease  state.  The  pharmacodynamics  of  WR  113,618.2^30^  has  been  described  in 
rodents  and  anesthetized  dogs.  The  acute  toxicity  of  WR  li3,6l8.2H2SOJj  in  dogs  has 
been  accomplished  in  preparation  for  submission  of  an  IND.  Therapeutic  measures  to  re¬ 
verse  cardiotoxicity  in  animal  models  are  being  stuciod.  For  technical  report  oeo 
Walter  Reed  Army  Institute  of  Research  Annual  Prograss  Report,  1  Jul  70-30  Jun  71. 
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PROJECT  3A663713D829  MALARIA  PROPHYLAXIS 
T'SK  00,  Malaria  Investigations 

Work  Unit  171,  General  pharmacology  of  antimalarial  drugs 
Investigators . 

Principal:  Melvin  H.  Heiffer,  Ph.D. 

Associate:  LTC  Gale  E.  Demaree,  MSCj  Robert  S.  Rozman,  Ph.D.; 

CPT  Robert  W.  Caldwell,  MSC;  Albert  Einheber,  Ph.D.; 

Ann  Berman,  M.S. 

PRECLINICAL  PHARMACOLOGIC  STUDIES  OF  CANDIDATE  ANTIMALARIAL  DRUGS 

BACKGROUND:  Statutory  requirements  for  clinical  testing  of  new  arugs  in¬ 
clude  acute  and  subacute  toxicity  and  pharmacodynamics  as  well  as  absorp¬ 
tion,  distribution  and  excretion  of  these  chemicals  in  animals. 

METHODS:  Acute  phamacoctynamic  responses  to  now  drugs  are  evaluated 
following  intravenous  and  intraperitonaal  injections  in  anesthetized  rats 
and  following  intravenous  and  intraduodenal  injections  in  anesthetized 
dogs.  Cardiac  effects  are  investigated  in  the  isolated,  perfused  dog 
heart.  Absorption,  distribution  and  excretion  of  new  drugs  are  studied 
following  intraperitonaal,  oral  or  subcutaneous  administration  of  the 
drugs  in  mice;  the  radiolabelled  drugs  are  suspended  in  either  peanut  oil 
or  aqueous  methyl  cellulose  solution-.  Tissues  and  fluids  are  .examined 
at  various  times  following  drug  adninistration .  Urine  and  feces  are 
continuously  collected  and  examined  for  excretion  of  labelled  drug. 

RESULTSs  WR  113,61 8. 2lW50i  produces  respiratory  depression,  hypotension, 
bradycardia,  and  reversible  EKD  voltage  changes  in  the  anesthetized  dog 
or  rat  following  intravenous  injection.  Intraduodenal  administration  of 
the  new  drug  produced  no  cardiovascular  effects  in  the  dog.  The  drug 
does  not  affect  the  responses  to  histamine,  norepinephrine,  serotonin  or 
acetylcholine  at  doses  up  to  20  mg/kg  in  the  rat.  WR  113,6l8.2H2SO[l 
depresses  heart  rate  and  contractility  as  well  as  producing  reversible 
EKG  voltage  changes  in  the  isolated  dog  heart. 

DISCUSSION:  These  findings  emphasize  the  importance  of  close  scrutiny 
of  EKG's  during  clinical  studies  since  WR  113,6l8.2H2SO^  appears  to  have 
a  direct  deliterious  effect  on  the  heart. 


ADJUNCTIVE  THERAPY  OF  EXPERIMENTAL  MALARIA 

BACKGROUND:  The  course  of  human  malaria  ia  accompanied  by  a  phase  which 
is  described  as  'Vasomotor  inadequacy" .  Other  forms  of  cardiovascular 
failure  such  as  endotoxin  and  hemorrhagic  shock  and  traumatic  injury 
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have  responded  favo  _a!,y  to  treatment  with  WR  2823  or  WR  1U9>021+ .  The 
more  potent  agent,  WR  11*9 >021*,  was  tested  for  its  potential  effect  to 
influence  favorably  the  terminal  course  of  P.  berghel  infection  in  rnl^e* 
The  underlying  assumption  being  that  prevention  of  vascular  disturbances 
or  improvement  of  such  states  would  be  manifest  in  prolonged  survival  of 
the  infected  animals. 

METHODS:  This  preliminary  experiment  involved  1*0  mice  infected  with 
P.  berghei  at  a  normally  100#  lethal  infection,  mean  time  to  death  of 
£.5  days.  Half  of  the  animals  received  WR  11*9, 02i*  (25  mg/kg  i.p.)  on 
days  3  and  5  of  infectionj  the  remainder  served  as  controls  receiving 
simultaneous  water  injections.  Mortality  and  parasite  levels  were 
observed.  These  studies  were  done  in  cooperation  with  the  Division  of 
Biochemistry. 

RESULTS:  There  were  no  differences  in  mortality  or  parasitemia  in  the 
two  groups. 

DISCUSSION:  These  data  show  that  the  terminal  stages  of  the  disease  do 
not  respond  to  WR  ll*9,02i*  alone  by  tills  schedule  of  administration;  how¬ 
ever,  significantly,  malaria-infected  mice  can  tolerate  doses  of 
WR  ll*9,02l*  that  are  efficacious  in  other  forms  of  shock.  The  approach 
still  has  considerable  merit  to  attempt  to  speed  recovery  frcm  the  effects 
of  malaria  and  hasten  return  to  duty.  We  propose  to  investigate  other 
dosage  schedules  and  combinations  with  antimalarlal  drugs . 
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23.  (D)  To  develop  a  acre  intelligent  and  sensually  acute  dog  which  is  physically  and 
teaperaaantally  better  suited  for  military  purposes  than  is  now  gen -rally  available. 

24.  (0)  This  study  is  being  made  in  response  to  the  approved  (11  Dec  68)  OS  Any  QMD0, 
"Detector  Systen  Military  Dog"  (0SACDC  Aetion  Control  Number  12527).  Critically  evalu¬ 
ated  ARC  registered  dogs  were  purchased  ss  foundation  stock.  The  progeny  of  these  are 
closely  evaluated  by  recognised  teats  designed  to  reveal  tha  superior  individual. 

Theae  in  turn  are  aelectlvely  bred  and  their  offspring  siailarily  tested,  evaluated  and 
acooapllsh  the  objective. 

25.  (0)  70  07  -  71  06  Sixty  five  litters  produced  369  puppies  weaned.  Present  kennel 
population  of  299  dogs  includes  257  German  Shepherd  Dogs,  8  German  Shorthaired  Pointers, 
8  Pointer-Shepherd  crosses,  and  25  Drahtbaars.  An  additional  268  were  shipped  to  other 
activities  including  Land  Warfare  Laboratory,  Fort  lenning  Military  Dog  Committee  (Mine/ 
Tunnel  Dogs);  WRAMC  Provost  Marshal,  Customs  Bureau  and  WRAIR.  Evaluation  program  of 
young  dogs  was  begun.  The  following  improvements  to  ths  physical  plant  wore  undertaken! 
a  pier  was  built  to  aocustom  the  dogs  to  water;  floureecent  lighting  was  installed  in 
three  buildings;  tighter  security  measures  were  instituted;  a  new  office  was  installed, 
and  a  confidence  course  was  installed.  Puppy  evaluation  procedures  wars  altered. 
Consultant  visits  to  this  facility  were  made  by  national  authorities.  Contractor 
problems  concerned  with  the  permanent  facilities  were  resolved.  For  technical  report 
■^Walter  Reed  Army  Institute  of  Research  Annual  Progress  Report,  1  July  70  -  30  June 
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OBJECTIVE:  To  develop  a  more  intelligent  and  sensually  acute  dog  which  is 
physically  and  teaperaasntally  better  suited  for  military  purposes  than  is 
now  generally  available. 

BACIGROUHD:  This  study  is  being  made  in  response  to  the  requirements  of 
the  recently  approved  OS  Any  QHDO,  "Detector  System,  Military  Dog", 

(USACDC  lotion  Control  Number  12527).  Seven  breeds  of  dogs,  including 
crosses,  were  studied  by  the  Ghi varsity  of  Maryland  for  behavioral  evalua¬ 
tion  and  selection  for  any  breeding  and  training  (Any  Contract  No.  DADA 
17-68-C-8015).  As  reoo— ended  in  the  final  report  of  that  study,  and 
because  of  the  years  of  military  experience  gained  with  the  German  Shepherd 
Dog,  this  breed  was  selected  for  primary  breeding  emphasis. 

APPROACH:  Critically  evaluated  AKC  registered  breeding  stock  purchased 
especially  for  this  purpose  are  selectively  bred  to  produce  superior  progeny. 
These  are  In  turn  closely  evaluated  by  recognised  tests  designed  to  reveal 
the  superior  Individual.  Line  breeding  ooahlned  with  progeny  testing  of 
each  generation  is  being  used  to  accomplish  the  objective.  Evaluation  of 
other  breeds,  including  crosses,  continues  on  a  limited  scale. 

PROGRESS 


A.  Breeding  Program 

1.  Sixty  four  whelpings  produced  371  weaned  puppies. 

2.  Present  kennel  population  is  as  follows: 

German  Shepherd  Dog  288 

German  Wirehaired  Pointer  13 

German  Shorthaired  Pointer/German  Shepherd  Dog  oross  8 

3.  Two  hundred  and  sixty  four  dogs  were  transferred  to  other 
activities : 


Walter  Reed  Army  Institute  of  Research  218 

Fort  Bonning,  Georgia  37 

Provost  Marshall  Office ,  WlAMC  2 

US  Bureau,  of  Customs  2 

Texas  AA&  University  5 
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4.  Puppy  evaluation s  Computer  review  of  our  puppy  evaluation 
procedures  revealed  that  the  stair  test  and  the  decoy  test  were  of  little 
value  as  indicators  of  a  puppy's  future  potential.  These  two  tests  have 
been  dropped.  The  come  and  sit  tests  have  value  but  are  not  as  indica¬ 
tive  as  the  rag  play,  fetch,  and  maze  tests.  A  new  experience  test 
suggested  by  our  behavioral  consultant,  Dr.  M.W.  Fox,  is  now  being  used 
to  indicate  a  puppy's  inherent  boldness  and  curiosity. 

B.  Special  Projects 

1.  The  use  of  field  dogs  such  as  the  German  Shorthaired  Pointer 
and  crossbreeds  between  the  Pointer  and  the  German  Shepherd  has  been 
dropped.  The  advantages  of  the  typical  bird-dog  point  and  field  quartering 
are  largely  negated  by  the  difficulty  encountered  by  Fort  Benning  in 
training  these  dogs  to  sit-alert  on  mi nee  and  trip  wires.  The  remaining 
individual  puppies  of  these  breeds  will,  however,  continue  to  be  evaluated. 

2.  It  has  been  noted  that  almost  all  of  our  best  dogs  are 
"fetch  happy".  Because  of  this  we  have  recently  incorporated  fetch  in  our 
socialization  program  and  are  exploring  the  possibility  of  converting  the 
fetch  desire  to  the  finding  of  mines  and  booby  trape.  This  was  suggested 
by  one  of  our  consultants,  Mr.  W.R,  Koehler,  as  a  result  of  our  attempts 
to  find  a  motivation  stronger  than  pet  and  praise,  and/or  food  reinforee- 
mant  as  a  training  method.  Specifically  he  recommended  the  use  of  forced 
retrieve  in  combination  with  pet  and  praise.  This  is  being  accomplished 
in  the  ease  of  a  single  trial  dog.  Eeswlts  are  not  obtained  as  quickly  as 
with  food  reinforcement,  but  the  dog  seems  to  enjoy  her  work  and,  since 
hunger  is  not  the  underlying  motivational  element,  ahe  stays  in  excellent 
physical  condition.  'Ms  believe  that  the  sot  of  fetching  is  manifestation 
of  the  hunting  instinct.  The  appeal  to  this  instinct  may  have  greater 
motivational  value  than  a  pat  on  the  head  or  a  handful  of  food  especially 
if  the  dog  is  hot  and  tired. 

3.  Ttotil  recently  those  of  our  dogs  which  radiographically 
demonstrated  the  slightest  degree  of  hip  dysplasia  were  eliminated  from  the 
program  and  transferred  to  the  Valter  Reed  A ray  Institute  of  Research,  A 
recent  report1  based  on  data  aooumnlated  on  more  than  300  dogs  on  which 
tenoayectOBQr  of  the  pectineus  muscle  had  been  performed  indicates  that 

this  procedure  is  effective  in  maintaining  or  restoring  functional  normality 
in  effected  dogs.  Certain  of  our  more  highly  rated  but  effected  dogs  are 
being  thusly  operated  with  the  expectation  of  halting  the  progress  of  the 
conditions  to  enable  subsequent  military  use  of  the  dog.  These  animals 
will  not  of  course  be  used  as  breeders. 

4.  A  breeding  index  was  established  for  each  animal  in  our 
breeding  colony.  It  was  rocently  revised  and  is  based  upon  the  following 
dsta  accumulated  from  each  litter: 
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a.  Percentage  of  hip  dysplasia 

b.  Aver a'  .  of  puppy  evaluation  (core* 

o.  Tempo.  .i-sent  of  litter 

d.  Size  of  litter  at  birth 

e.  Number  weaned 

f .  Percentage  of  longhaired  puppies 

g.  Percentage  of  floppy-eared  puppies 

C.  Consultant  Visits;  During  the  peat  year  thia  Division  no  visited 
fay  its  caaln#’ behavioral  consultant.  Dr.  M.W.  Fox,  DVM,  by  Dr.  Wayne  H. 
Riser,  DVM,  who  Monitors  our  hip  and  elbow  dysplasia  control  program  and 
hy  Mr.  L.  Wilson  Davis,  our  evaluation  and  training  consultant. 

D.  Facilities :  A  three  hundred  gallon  dog  dipping  tank  was  con¬ 
structed  to  facilitate  control  of  external  parasites.  A  thirty  foot  pier 
was  constructed  in  adjacent  Lauderick  Creek  to  permit  swimming  the  dogs. 

E.  Equipments  An  eleotrio  welder  and  related  hand  tools  were 
obtained  in  a  "self-help"  repair  and  maintenance  program  of  kennels  and 
facilities.  An  improved  lighting  and  heating  system  was  installed  in  our 
indoor  winter  kennels. 

DISCUSSION »  The  genetic  refining  of  the  German  Shepherd  Dog  to  produce  a 
more  intelligent,  dysplasia  free,  temperamentally  sound  dog  for  military 
purposes  is  progressing  well.  Almost  half  of  our  present  German  Shepherd 
population  are  F_  generation  while  the  remainder  are  combinations  of  F. 
and  original  stock.  The  problem  of  hip  and  elbow  dysplasia  is  responding 
most  grstiflngly  to  selective  breeding.  Improvement  of  intelligence  and 
temperament  ia,  as  expected,  less  rapid  and  will  require  several  generations 
to  be  of  marked  significance.  As  an  example  of  the  complexities  of  this 
area  of  our  work,  some  of  our  earlier  puppy  evaluation  procedures  were 
such  that  the  more  aware  puppies  scored  higher  in  the  tests;  and  a  timid 
puppy  is  usually  an  aware  puppy.  This  is  the  reason  for  the  introduction 
of  Dr.  Fox's  new  test  mentioned  in  paragraph  k  above.  We  expect  it  to 
assist  us  in  dif  f  erent i at i ng  between  the  aware,  timid  puppy  and  the  aware, 
curious  puppy.  These  changes  plus  elimination  of  timid  breeding  animals 
and  even  more  emphasis  on  early  socializing  of  the  puppies  are  producing  a 
bolder  more  self-confident  dog  than  heretofore. 

COBCLpSICg:  Because  of  the  previous  accomplishments  In  the  field  of 
animal  genetics  in  improving  quantity  and  quality  of  animal  products, 
there  is  no  reason  not  to  expect  the  development  of  a  markedly  improved 
military  dog  within  the  next  deoade. 

RECMEHDATICWS;  None 
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